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PREFACE. 



For some years after I entered the Excise I found that in the dis- 
charge of my duties great labour and trouble were required to perform 
them efficiently, and with that satisfaction which would assure a con- 
scientious officer that he was both correct in his returns and just to his 
traders. I experienced all the difficulties which a young officer had to 
contend with when he was desirous of executing his trust faithfully and 
diligently. I knew that an error in my returns would subject me to 
censure, if not to worse consequences ; and I must say, that to the fear 
of incurring the displeasure of my superior officers f may in a great 
measure attribute the origin of the following Treatise. I felt the respon- 
sibilities of my situation, and the nature of the arduous duties in which 
I was engaged, and was determined to make an attempt to simplify 
the system of calculation then in use, so as to bring it within the com- 
prehension of every one of moderate understanding. As a first step to 
the fulfilment of my intention, I laid down my rules and planned a table 
upon a small scale ; and after f had applied them practically, and found 
them to exceed my most sanguine expectations, I proceeded to exhibit 
and explain them to my pupils, and in my new system to give them 
instructions. In this I also succeeded, and at their request I published 
the rules, &c. in the shape of a pamphlet. The effects of that work 
were soon visible. Many of the officers of excise adopted them, and 
shortly confessed their usefulness. Indeed, so simple is their construc- 
tion, and so easy is their application, that it will be impossible to err 
where the least care is observed. 



Vl PREli*AC£!. 

The extensive sale which that pamphlet met with^ and the iiail^ 
faction which it had given, encouraged me to proceed in the work which 
1 had commenced, and after many years of indefatigable labour and 
perseverance, I have now the pleasure of presenting to the public a 
tnore elaborate Trbatise on Ullaoino, which, 1 hope, ^'i\\ be found 
to contain rules, examples, &c. upon every subject in any way interest-* 
ing to those for whom they are designed. In this hope I am supported 
by the flattering commendations of my superior officers, as well as by 
those of highly respectable tfadesmeh^ th^ complex nature of whosd 
extensive businesses enables them to form a just estimate of the value 
and importance of the fules^ examples, and tables, when practically 
tipplied. 

The rules for ullaging heretofore in use, and recommended by 
different authors, have been found to be too difficult for those who 
have not a perfect knowledge of figures, and thence partly arise the 
dangers to which the inexperienced traders are liable. I have, I believe, 
removed the cause of those dangers. The juvenile officer, the wine 
and brandy merchant, and the private gentleman can, by the system 
i have laid down in this work, in whatever state their stocks may be^ 
gauge and ullage them with the greatest accuracy, and as easily as 
though they were assisted by the most experienced officer. In fact, so 
clearly is the system defined, that aiiy one may with ease ascertain 
how many gallons of wine, &c, there are in a cask when only part full, 
and how many inches will be the decrease in the cask when a certain 
bumber of gallons or bottles are to be taken therefrom. Thia is a sub-i 
ject or branch which lias never been treated of by any other person 
who has written on ulkging* 

On the First and Second Tables it ib almoist unnecessary to 
hiake a single remark. Their utility is so apparent, and the advan- 
tages they offer are so great, that it is only required that they should 
be once practically employed to proVb their valUe. Any one who dan 
I'ead may use them» 

In rtiy experience ateong spirit nlerchants lind dealers I have fre- 
(|uehtly had occasion to lament the absence of that peculiar knowledge 
Which should form the basis of their business — that is, the lawiby which 



PREFACE. V\{ 

llshoiiid be governed. To that class of traders a thorough knowledge 
of every branch of the trade is of the greatest importance. They should 
be able to ascertain the real strength of spirits; how to compound them; 
how to raise and reduce them from any given to any required Htrength { 
hoiAr to take and balance their stocks; how to buy and sell spirits 
according to their strength, &c.; without knowing which, it is impossi-^ 
ble that any one can meet other tradesmen in the market, or conduct 
his business to advantage. In this treatise every diCBculty of that kind 
is obviated : plain rules are laid down for the special guidance of the 
wine and brandy dealer. 

By the introduction of the Application of Analysis I have been 
enabled to insert a variety of useful and interesting rules and examples^ 
by means of which the young chemist will have the opportunity of per- 
fecting himself in the method of analysing and compounding pnescrip- 
tionSy &c. 

To render the work as complete as possible, t have, where new 
matter was not absolutely necessary, taken the liberty of extracting 
from other authors, and in acknowledging how much I am indebted to 
them, I feel bound to observe, that the most implicit reliance may be 
placed on the correctness of the extracts, and it would be impossible to 
convey the subjects treated of in a more lucid or comprehensive style. 

I cannot close these remarks without acknowledging the kindness 
of those friends who have so freely come forward to add their testimony 
in favour of my work. They are entitled to my wai^mest thanks for 
the handsome manner in which they have signified their approval, and 
as the greater part of them are not personally known to me, I should 
fail in a duty if I did not thus publicly express my gratitude. 

S. ROOSB. 
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EXPLANATION OF CHARACTCRS USED IN THIS WORK. 



+ Plus or more, the sign of addition. As 4+4x8 ; that is, 4 added 
to 4 more is equal to 8. 

•^ Minus or less, the sign of subtraction. As 8-^4=4; that is, 8 
lessened by 4 is equal to 4. 

X Multiplied by, the sign of multiplication. As 4x6=24; thatis^ 
4 multiplied by 6 is equal to 24. 

•^ Divided by, the sign of division. As 8-h2=4; also, 4)8(4; or, 
1=4; that is, 8 divided by 2 is equal to 4. 

c= Equal, the sign of equality. As 4 quarters =lcwt., signifies that 4 
quarters are equal to 1 cwt. 

: is, :: so is^ the sign of proportion. As 2 : 4 :: 8 : 16; that is^ 
as 2 is to 4, so is 8 to 16. 

The two signs of comparisoni 7 and Z . The sign 7 is of greater thaa< 
Asa 7 b signifies that a is greater than b. The sign Z is of 
less than. AaiZc signifies that b is less than c. 

\' Ergo, therefore. 
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A TREATISE 



ON 



ULLAGING CASKS. 



DEFINITION. 

The Ullaging of a Cask is to find how much liquor there is in it 
when it is not full^ which, taken from the whole content, gives what 
it wants to fill it up ; or by knowing the vacuity, and subtracting it 
from the whole content, leaves the ullage or quantity of liquor then 
in the cask. 

To ullage a lying cask by the pen, having the bung diameter, 
wet inches, and the content of the cask given. 

RULE. 

From five times the product of the content and wet inches sub- 
tract the product of the content multiplied by half the bung,t the remain- 
der, divided by four times the bung, gives the liquor in the cask. The 
dry inches will give the vacuity. 

* In this Treatise I have confined myself to the spheroidal cask only (except 
the fmstrum of a cone, which is inserted by the desire of some friends), because in 
the practice of the Excise all casks are considered as such. 

t Or the product of half the content by the bung, or half the product of the 

content by the bung, as most convenient. 

B 



TREATISE ON ULLAGING. 



EXAMPLE. 



Suppose a spheroidal cask, whose bung diameter is 34 inches 
(wet inches 17*2, dry inches 16.8), and content 100 gallons, what liquor 
is there in the cask, and how many gallons will fill it up ? 



17-2 = wet inches 
100= content 



1720 17=half the bung 

5 100= content 



From 8600 1700 

Subtract 1700 

Bung 34 X 4=136)6900(50.73 gallons in the cask. 

680 

•1000 
952 



'480 
408 



•72 

For the vacuity^ or what will fill it up : — 

16.8= dry inches 
100= content 



1680 34=bung 

5 50=half the content 



From 8400 1700 

Subtract 1700 I 



Bung 34 X 4= 136)6700(49.26 gallons wanted to fill it up. 

544 

1260 
1224 

360 
272 

•880 
816 

•64 
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BY THE SLIDING RULE. 



1st. As the bung diameter on the line of nunibers, on the little 
slider marked B, is to 100 on the line of segment marked S. L., so is 
the wet or dry inches on the line of numbers B to a segment upon S. L* 
which reserve. 



2nd. As 100 radius upon A is to the cask's content upon B, so 
is the reserved segment on A to the quantity of liquor in the cask 
upon B. 



OnB. 
As 34 

Bung. 



On S.L. 

100 

Radius. 



• » 



On B. On S.L. 

17.2 : 50.7 which reserve. 

Wet. Segment. 



On A. 
As 100 

Radius. 



On B. On A. On B. 

100 :: 50.7 : 50.7 

Content. Segment. Ullage of liquor jn cask* 



For the vacuity by the sliding rule^ you must work in the same 
manner as for the ullage, only instead of the wet inches make use of 

the dry. 



OnB. 
Thus as 34 

Bung. 



On S.L, 

100 

Radius. 






OnB. 
16.8 
Dry. 



On S.L. 

49.2 which reserve 

Segment. 



On A. 

Then as 100 

Radius. 



On B. 

100 

Content. 






On A. 

49.2 

Segment. 



OnB. 

49.2 the vacuity- 



BY THE PEN. 



To find the wet or dry inches in a lying cask, when any certain 
<|uantity is permitted to be drawn thereout, having the content of the 
cask, bung diameter, and the number of gallons or bottles sent out by 
permit or bottled off. 



RULE. 



To four times the product of the quantity drawn, and bung 
diameter, add the product of the content multiplied by half the bunj?;* 



Or the product of half the content by the bung. 



4 TREATISE ON ULLAGINO. 

that sum, divided by five times the content, gives the dry or wet 
inches. The quantity in the cask gives the wet inches. 

EXAMPLE. 

Suppose a gentleman has a spheroidal cask full of Port Wine, coti- 
taining 100 gallons, bung diameter 34 inches, and wants to bottle off 
25 dozens out of the said cask, and being unacquainted with ullaging, 
he wishes to know how many inches that quantity will decrease on the 
cask ? Six bottles to a gallon being equal to 50 gallons. 

34= bung 

50= the quantity drawn 



1700 17=half the bung 

4 100= content 



6800 1700 

Add 1700 



Content 100x5=500)8500(17 inches the decrease. 

500 



3500 
3500 



BY THE SLIDING RULE.* 

1st. %As 100 radius on A is to the cask's content on the little sli- 
der marked B, so is the quantity sent out by permit, or bottled off on 
A to a segment on B, which reserve. 

2Dd. As 100 radius on S.L. is to the bung diameter on B, so is 
the reserve segment on S.L. to the dry inches, the proper decrease on B. 
The quantity in the cask gives the wet inches. 

On A. On B. On A. On B. 

As 100 : 100 50 50 which reserve. 

Radius. Content. Bottled off. SegmenL 

* This is a general mle both for lying and standing casks, only for a standing 
cask use the length and S. 8. 
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On S.L. On B. On S.L. On B. 

As 100 34 50 : 17 the decrease. 

Radius. Bung. Segment. Dry Inches. 



To ullage a standing cask by the pen, having the length, wet 
inches, and content given : — 



RULE. 



From eleven times the product of the content and wet inches 
subtract the product of the content multiplied by half the length ;* the 
remainder, divided by ten times the length, gives the liquor in the cask. 
The dry inches will give the vacuity. 



BXAMPLB. 



Suppose a spheroidal cask, the length of which is 36 inches, con- 
tent 100 gallons (wet inches 17*6, dry inches 18.4), what liquor is 
there in the cask, and how many gallons will fill it up ? 



17*6= wet inches 






100= content 

1760, 
IL 


36. 

100: 

3600: 
1800.: 


= length 
= content 

= product 
srhalf the product 


From 19360. 


Subtract 1800. 


in the 




10=360)17560(48.77 gallons 
1440 


cask. ' 


'3160 






2880 






•2800 






2520 






2800 






2520 







.280 

♦ Or the product of half the content by the length, or half the product of the 

content by the length. 

Ba 
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For the vacuity, or what will fill it up :- 

18.4= dry inches 
100 = content 



1840 
11. 



From 20240 
Subtract 1800 



18: 
100: 

1800 



:half the length 
: content 



Length 36 x 10=360)18440(51.22 gallons Wanted to fill it up. 

1800 



•440 
360 

•800 
720 

, -800 
720 

•80 

BY THE SLIDING RULE. 



OnB. 
As 36 

Length. 


On S.S. 

100 

Radius. 


• • 

• • 


OnB. 

17.6 

Wet. 


On S.S. 

48.8 which reserve. 
Segment 


On A. 
As 100 

Radios. 


OnB. 
100 

Ck>ntent. 


• • 

• • 


On A. 
48.8 : 
Segments 


OnB. 

48.8 ullage in cask. 


For the 


vacuity, or what will fill it up: — 




OnB. 
As 36 

Length. 


On S.S. 
: 100 

Radius. 


• • 

• • 


OnB. 
18.4 
Dry. 


On S.S. 
51.2 which reserve 

Segment. 


On A. 
As 100 

Radius. 


OnB. 

100 

Content. 


• • 

• • 


On A. 
51.2 : 

Segment. 


OnB. 

51.2 the vacuity. 








In the cask add 48.8 



Content of the cask =100 as before. 
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BY THB PBN. 



To find the wet or dry inches in a standing cask, when any certain 
quantity is permitted to be drawn thereout, having the content, length, 
and the number of gallons or bottles sent out by permit or bottled off. 



RULE.. 

To ten times the product of the quantity drawn, and the length 
of the cask, add the product of the content, multiplied by half the 
length ;* that sum, divided by eleven times the content, gives the dry 
or wet inches. The quantity in the cask gives the wet inches. 

BXAMPLB. 

Suppose a brandy dealer has a spheroidal cask full of proof 
French brandy, containing 100 gallons, length 36 inches, and wants 
to draw 48 gallons out of the said cask, to reduce it for retail, and 
being unacquainted with ullaging, wishes to know how many wet inches 
should remain in the cask ? 

100= content 
48= gallons drawn 

52= gallons in the cask 
36=length 

312 
156 

1872 18=half the length 

10 100= content 



18720 1800 

Add 1800 

Cont^t= 100 X 11 = 1100)20520(18.65 wet inches in the cask. 

1100 

•9520 

8800 



7200 
6600 

•6000 
5500 

•500 



* Or the product of half the content by the length, or half thje product of the 
intent by the length. 
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OnD. 


OnC. 


OnD. 


As 18.789 : 


12 :: 


21.5 


Gauge Point. 


Wet. 


M.D. 



OnC. 

15.71 gallons in the cask as before* 



Again : — ^If the cask stand upon its greater end, and wet inches 
12, it would stand thus : — 

30= diameter at the greater end 
3= fourth number found 

27= diameter at the liquor^s surface 
30= the greater or bottom diameter 

Sum=57 

Half= 28.5= the mean diameter 

BY THB SECOND RULE. 

30= the greater or bottom diameter 
27= the diameter at the liquor's surface 

3= difference 
3 

9= square of the difference 
27= diameter at the liquor's surface 
30= greater diameter 

810= rectangle of the two diameters 
3 



2430 

Add 9= square of their difference 

2439 
12=wet 



1059.)29268(27.63 gallons in the cask. 
2118 

•8088 
7413 

•6750 
6354 

•3960 
3177 

•763 
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BY THB SLIDING RULB. 
On D. On C. On D. On C. 

As 18.789 : 12 : : 28^ r 27-6 gallons in cask as before. 

Gauge Point. Wet. M.D. 



To find the diameter of any certain measure, having the depth 

giren : — 



RULB. 



As the given depth is to the solid inches that the measure contains, 
so is 1 to the area. 

And as .7854 is to 1, so is the area found to the square of the 
diameter; the square root of that is the diameter required. 

BXAMPLB. 

Suppose a tinman had to make an imperial quart measure, the 
depth 5.5 inches, and of a cylindrical form, what is the diameter? 

Depth. Inches in a quart. 

As 5.5 69.3185 :: 1 12.6033= the area. 

Then, As .7854 1 12.6033 16.04 

16.04(4 inches=the diameter. 
16. 



)4 

BY THB SLIDING RULB. 
OnC. OnD. On C. On D. 

As 5.5 : 18.789 .25 : 4 inches= diameter as before. 

Depth. Gauge Point. Fourth 

of a Gallon. 

OnC. OnD. OnC. OnD. 

Or, As 5.5 9.394 :: 1 t 4 inchessthe diameter. 

Depth. Gauge Point Quart, 
for a quart. 



12 
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To find the depth of any certain measure, having the diameter 
given ; — 

RULE. 

Square the given diameter, multiply that by .7854 gives the 
area ; then say, as that area is to 1 inch so is the solid inches the cer- 
tain measure contains, to the depth required. 

BXAMPLB. 

Suppose the diameter of a cylindrical imperial quart be 4 inches, 
what is the depth ? 

4 X 4 X .7854= 12.5664 =:the area 

Solid inches 
Area. Inch, in a quart. 

Then, As 12.5664 : 1 :: 69.3185 : 5.516 inchest the depth required. 

BY THB SLIDING RULE. 



On D. On C. 

As 4 .25 

Diam. Fourth 
of a gallon. 

On D. On C. 
Or, As 4 1 

Diam. Quart. Gauge Point 

for a quart. 



On D. On C. 

18.789 5.51 inches=the depth as before. 
Gauge Point. 

On D. On C. 

9.394 : 5.51 inches=the depth as before. 



AN IMPERIAL DIAGONAL LINE, 

For a spheroidal cask from half a gallon to three hundred gal- 
lons ; being a complete Ready Reckoner, whereby aiify person may 
gauge a cask with a carpenter's rule and walking-stick ; the whole care- 
fully calculated by the pen, to the nearest hundredth part of an inch. 



Diagonal 

Line 

In Inches 

and decimal 

parti of an 

Inch. 



Gallona 



6.04 

7.61 

9^8 

10.97 

12.07 

13.01 



Diagonal 

Line 

in Inches 

and decimal 

parts of an 

Inch. 



Gallons. 



Diagonal 

One 

in Inches 

and decimal 

parts of an 

Inch. 



k 


13.82 


6 


I 


14.55 


7 


2 


15.21 


8 


3 


15.82 


9 


4 


16.39 


10 


5 


16.92 


11 



17.41 
17.88 
18.33 
18.76 

19.17 
19.56 



Gallons. 



12 
13 
14 
15 
16 
17 



Diagonal 

I^ 

hi Inches 

and decimal 

parts of an 

Inch. 



19.93 

20.3 

20.65 

20.98 

21.31 

21.63 



Gallott 



18 
19 
20 
21 
22 
23 
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Dii^onal 

LuM 

ialndiM 

anddedmal 

Dutsofan 

Incfa. 



Gallons. 



Diagonal 

Line 

in Inches 

and decimal 

parts of an 

Inch. 



Gallons. 



Diagonal 

inlm^es 

and decimal 

parts of an 

Inch. 



Gallons. 



Diagonal 

in Inches 

and decimal 

parts of an 

Indb. 



Gallons. 



21.95 

22M 

22ii3 

22.82 

23.1 

23.37 

23.63 

23.89 

24.15 

24.4 

24.64 

24.88 

25.11 

25.34 

25.57 

25.79 

26.01 

26.23 

26.44 

26.65 

26.85 

27X)5 

27.25 

27.45 

27.64 

27.83 

28.02 

28.21 

28.39 

28.57 

28.75 

28.92 

29.1 

29.27 
29.44 
29.61 
29.78 
29.94 
30.1 

30.26 
30.42 
30.58 
30.74 
30.89 



24 
25 
26 

27 

28 

29 
30 
31 
32 
33 
34 
35 
36 

37 
38 
3d 
40 
41 
42 
43 
44 
45 
46 

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

57 

58 

59 
60 
61 
62 
63 
64 
65 
66 
67 



31.04 


68 


36.66 


112 


40.94 




31.2 


69 


36.77 


113 


41.03 




31^ 


70 


36.88 


114 


41.12. 




31.49 


71 


36.99 


115 


41.2 




31.64 


72 


3709 


116 


41.29 




31.79 


73 


37.2 


117 


41.38 




31.93 


74 


37.3 


118 


41.46 




32.08 


75 


37.41 


119 


41.55 




32.22 


76 


3752 


120 


41.63 




32.36 


77 


3762 


121 


4172 




32^ 


78 


37.72 


122 


41.8 




32.64 


79 


37.82 


123 


41.88 


1 


32.77 


80 


37.93 


124 


41.97 




32.91 


81 


38.03 


125 


42.05 




33.04 


82 


38.13 


126 


42.14 




33.18 


83 


38.23 


127 


42.21 




33.31 


84 


38.33 


128 


42.3 




33.44 


85 


38.43 


129 


42.38 




33.57 


86 


38.53 


130 


42.46 




33,7 


87 


38.63 


131 


42.54 




33.83 


88 


38.73 


132 


42.62 




33.96 


89 


38.83 


133 


42.7 




34.08 


90 


38.92 


134 


42.78 




34.21 


91 


39.02 


135 


42.87 




34.34 


92 


39.11 


136 


42.95 




34 46 


93 


39.21 


137 


43.02 




34.58 


94 


39.3 


138 


43.1 




34.7 


95 


39.4 


139 


43.18 




34.83 


96 


39.49 


140 


43.26 




34.95 


97 


39.59 


141 


43.34 




35.06 


98 


39.68 


142 


43.42 




35.19 


99 


39.77 


143 


43.49 




35.3 


100 


39.87 


144 


43.57 




35.42 


101 


39.96 


145 


43.65 




35.54 


102 


40.05 


146 


43.73 




35.65 


103 


40.14 


147 


43.8 




35.77 


104 


40.23 


148 


43.88 




35.88 


105 


40.32 


149 


43.95 




36. 


106 


40.41 


150 


44.03 




36.11 


107 


40.5 


151 


44.1 




36.22 


108 


40.59 


152 


44.18 




36.33 


109 


40.68 


153 


44.26 




36.44 


110 


40.77 


154 


44.33 




36.55 


111 


40.86 


155 


44.4 





156 

157 
158 

159 
160 
161 
162 
163 
164 
165 
166 

167 
168 
169 
170 

171 
172 
173 
174 
175 
176 

177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
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Diagonal 

Ime 

in Inches 

and decimal 

parts of an 

Inch. 


Gallons; 


Diagonal 

in Inches 

and decimal 

parts of an 

Inch. 


Gallons. 


* Diagonal 

L&e 

in Inches 

and decimal 

Ipartsof an 

Inch. 


G^Uona. 


Diagonal 

rTne 

in Inches 

and decimal 

parts of an 

Inch. 


Gallooi 


44.48 


200 


46.33 


226 


48.04 


252 


49.64 


278 


44.65 , 


^201 


46.4 


227 


48.1 


253 


49.7 


279 


44.63 


202 


46.47 


228 


48.17 


254 


49.76 


280 


44.7 


203 


46.53 


229 


48.23 


255 


49.82 


281 


44.77 


204 


46.6 


230 


48.29 


256 


49.88 


282 


44.85 


205 


46.67 


231 


48.36 


257 


49.94 


283 


44.92 


206 


4674 


232 


48.42 


258 


50. 


284 


44.99 


207 


46.8 


233 


48.48 


259 


50.05 


285 


45.06 


208 


46.87 


234 


48.54 


260 


50.11 


286 


45.14 


209 


46.94 


235 


48.61 


261 


50.17 


287 


45.21 


2^10 


47. 


236 


48.67 


262 


50.23 


288 


45.28 ' 


211 


47.07 


237 


48.73 


263 


50.29 


289 


45.35 


212 


47.13 


238 


48.79 


264 


50.34 


290 


45.42 


213 


47.2 


239 


48.85 


265 


50.4 


291 


45.49 


214 


47.27 


240 


48.91 


266 


50.46 


292 


45.56 


215 


4733 


241 


48.98 


267 


50.52 


293 


45.64 


216 


47.4 


242 


49.04 


268 


50.57 


294 


45.7 


217 


47.4Q 


243 


49.1 


269 


50.63 


295 


45.78 


218 


47.53 


244 


49.16 


270 


50.69 


296 


45.84 


219 


47.59 


245 


49.22 


271 


50.75 


297 


45;91 


220 


47.66 


246 


49.28 


272 


50.8 


298 


45.99 


221 


4772 


247 


49.34 


273 


50.86 


299 


46.05 


222 


47.79 


248 


49.4 


274 


50.92 


300 


46.12 


223 


47.85 


249 


49.46 


275 






46.19 


224 


4791 


250 


49.52 


276 






46.26 


225 


47.98 


251 


49.58 


277 


» 





The following examples will shew the use of the preceding dia- 
gonal line: — 

To reduce eighths to tenths : — 

Eighths. Tenths. Eighths. 

As 8 : 10 4 

To reduce tenths to eighths : — 

Tenths. Eighths. Tenths. 

As 10 : 8 :: 5 ; 

EXAMPLE. 

Suppose a cyder dealer gauged a cask by a walking-stick and 
carpenter's rule, and found the diagonal line from the centre of the 
bung hole to the intersection of the head and staves to be 32 inches and 
4 eighths; how many gallons does it contain? Look in the table for 



Tenths. 
5 

Eighths. 

4 
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32.5, and in the next column^ on the right hand side, you will find 7B 
gallons the cask's content. 

BY THB PEN. 

To find the dimensions of a spheroidal cask, haying the diagonal 
lioe and one side given : — 

Any two sides of a right angled triangle being given^ the third 
may be easily found by the following rules: — 

1st. Half the length or base, and half the sum of the head and 
bung diameters or perpeiidicular being given, to find the diagonal line, 
or hypothenuse. 

RULE. 

Square each side, add the squares together, and the square root* 
of that sum gives the diagonal line required. 

2nd. If the diagonal line and one side be given, to find the 
other side. 

RULE. 

From the square of the diagonal line subtract the square of the 
given side ; double the square root of the remainder gives the side 
required. 

EXAMPLE. 

Let the head diameter be 18.6 inches, bung 21.4, and length 30 
inches, what is the diagonal line ? 

Head= 18.6 Length=30 

Bung=:21.4 Half=::15 



15 

Sum=40 — 

Half =20 75 

20 15 



Square = 400 Square =225 

225 

625(25 inches=the diagonal line. 
4 



45)225 
225 



* For the rule see common Arithmetic. 
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To find the length : — 



g^onal line =25 
25 


18.6= head diameter 
2I.4=bung diameter 


125 
50 

Square =625 
Subtract 400 


40. =the sum 
20. = half the sum. 
20. 

400 = square of half t 


225(15x2= 
1 


=30 inche8=the length. 


25)125 
125 


» 



To find the head and bung diameters :— 

Diagonal =25 Length =30 

25 Half=15 

15 



Square =625 
Subtract - 225 Square = 225 

400(20 X 2=40 inches=the sum of H. and B. diameters. 
4 18.6=head diameter 

40)""^ ^ 2 1.4= bung diameter required. 

To find the content of a cask in any of the four varieties, both bj 
the pen and sliding rule:-^ 

1st. To find the mean diameter: — 

RULE. 

Multiply the difference between the head and bung diameters 
when it is less than 6 inches. 

By I g I for the | ^ Variety. 
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If 



Or if the difference between the head and bung exceeds 6 inches, 

' ^ sli 

ill 






for the 



Variety. 



Then add the prpduct to the head diameter, and that sum vill be 
a mean diameter. 

2nd. To 6nd the content : — 

RULB. 

Square the mean diameter, multiply that s<}uare by the lengtli 
of the cask, that product^ divided by 353.0362, gives the content of 
Ihecask^ 

BXAMPLB. 

Suppose a spheroidal cask, whose bung diameter is 21.4 inchef, 
Mad diameter 18.6 inches, and length 30 inches, what is the content! 

For the spheroid, or first variety ; — 

BY THB PBV. 



Bung diameter =2 1.4 
Head diameter=18.6 



.5 q? mean diameter nparljr 
20.5 



Differences 2.8 
F»jetor:;7 .68 



1025 
4100 



Products 1.904 
Head diam.-h== 18.6 



420^25 =B square of mean diam. 
30= length. 



' . '■ " 1 1 ' .»., 



Mean diam-s; 20.504 



353)12607.5(35.7 galis.3; the contend, 
1059 



'2017 
1765 

'2525 
2471 



r • 



54 
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BY THB SLIDING RULB. 



Find the difference of th|B diameters, which in tliis cane is 2 8; 
look on the line of inches, on the edge of the rule, and see what num- 
ber stands against it on the line marked spheroid, and the number found 
there, added to the head diameter, the sum will be a mean diameter; 
as in this example, against 2.8 is 1.9+ 18.6=20.5=the mean diameter, 
as before. 

On D. On C. On D. On C. 

As 18.789 : 30 :: 20.5 : 35.7= the content as before. 

Gaage Point. Length. M.D. Gallons. 

Tiie diagonal line of the same is 25 inches, as found on p. 15. 

Now look for 25 inches in the diagonal line table, the nearest to 
which is 25.11, and in the adjoining column you will find 36 gallons 
to be the content, which is a good comparison between gauging by the 
pen and the diagonal line. 



CHEMICAL OBSERVATIONS. 



Chemistry may be considered either as a science or an art. As 
a science, its object is to astimate and account for the changes produced 
in bodies by motions of their parts which are too minute to affect the 
senses individually. As an art, it consists in the application of bodies 
to each other, in such situations as are best oalculated to produce those 
changes. 

The operations of chemistry are either analytical, when com- 
pounded bodies are resolved into their simpler parts ; or synthetical, 
when simple bodies are united so as to form a compound. The former 
operation is called decomposition ; and the latter composition, or com* 
hiDatioa There are few and perhaps no chemical processes in which 
one of these effects takes place without the other^ 

Heat expands solids, then renders them fluid, and afterwards con* 
verts them into vapour ; and these changes succeed each other as the 
intensity of the heat is rendered greater. There are many bodies not 
susceptible of all these changes : but it is highly probable that this is 
owing to our want of power to produce a sufficient degree of heat or 
coldness, and not to the peculiar nature of the bodies th^ms^lves. 

The heat required to render different bodies fluid or elastic being 
different, affords a method of separating the parts of compound bodies. 
If one part of a compound body be rendered fluid, while the others re* 
main solid, the former will flow into the lower part of the containing vqsp> 
sel, and leave the pores of the latter empty; or if one part be converted 
into vapour, it will rise and fly off, leaving the other parts, whether 
solid or fluid, in the vessel. Thus, when a mixture of lead and copper 
is exposed to a gradual heal, the lead melts first, and leaves the copper. 
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And if a mixture of water and salt be heated, the water being converted 
into vapour^ flies off, and leaves the salt behind. 

All the parts of bodies attract each other. It is not necessary 
in this place to enquire, whether that attraction which causes bodies to 
gravitate or have weight, and by the energy of which the great motions 
of the planetary systems are governed, be the same as the attraction 
which causes their parts to adhere, and gives them firmness or solidity. 
It is enough that observation has not yet established the truth of this 
proposition ; and, consequently, it will be proper to consider the attrac- 
tion that is perceived to obtain in chemical operations, as a distinct 
property of matter. 

The attractions which are observed in chemistry are not found to 
have efficacy at any sensible distance between the parts ; but doubtless, 
like the attractions of gravity, magnetism, and electricity, they are 
stronger the less the distance. The rigidity and permanent forms of solid 
bodies prevent many of the parts of two several bodies from coming: 
near each other ; for which reason very little change is in general pro- 
duced by their mutual action, even in the most favourable cnse, when 
powders are mixed together. But when one or both of the bodies is 
heated so as to become fluid, the particles easily move among each other, 
and can more readily obey the attractions which exist between them. 
Hence it has been considered as a chemical axiom, that bodies do not 
act on each other, unless one of them be fluid. This assertion is liable 
however to the exception, that solid bodies will combine at a tempera- 
ture too low to render either of them fluid, provided it be high enough 
to fuse the compound they form. Thus rce and salt will combine at a 
much lower temperature than would liquefy either alone, if the tem- 
perature be not so low as to freeze the brine they form by uniting. 

The whole art of the chemist therefore consists, either in separat- 
ing the parts of bodies by the application of heat, or in placing them so 
that the order of arrangement of their parts may be changed by virtue 
of their several attractions, assisted by heat sufficient to fuse one or more 
of them, or at least sufficient to produce fusion in the compound. 

Since the order of arrangement of the parts of bodies is changed, 
when the chemical attractions are permitted to act, by a due situation 
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of bodies with respect to each other; it clearly follows, that the attrac- 
tion between some kinds of bodies is stronger than between others. 
This difference was formerly supposed to proceed from a similitude 
between the attracting bodies, and for that reason the attraction has 
been called the chemical affinity of bodies. But the term elective attrac- 
tion is at present more generally used to denote this property. 

Though the operations with bodies that reqnire a very strong heat 
to render them fluid do not essentially differ from those which are made 
With such bodies as are fluid at the usual temperature of the atmosphere ; 
yet, as the apparatus for producing and maintaining the heat in the for- 
mer case is unnecessary in the latter, it is found convenient to distin- 
guish the two methods by different appellations. Operations made with 
bodies habitually solid, which of course require to be acteil on by a 
strong heat, are said to be made in the dry way ; but operations wherein 
any substance is employed which is habitually fluid, are said to be made 
in the liquid, humid, or moist way. No distinctive appellation has yet 
been generally adopted for operations made with elastic fluids ; though 
some csall this the pneumatic method. 



The basis of all spirits is alcohol (a highly rectified spirit of 
wine) which is mixed with water in various proportions. Sykb'b 
Hydrometer* is the instrument now used to ascertain the strength of 
spirits, being according to Act of Parliament, t. e. 58 Geo. Ill, chap. 
28, sec. 2. British spirits are charged with duty in proportion to the 
quantity of proof spirits they contain. 6 Geo. IV. chap. 80, sec. 66, 
67, 68, 69 ; and 1st William IV. chap. 69. This is estimated by their 
specific gravities. 



THE METHOD OF DISTILLING. 

AtcoHoL is procured from malt, corn, grain, sugar, potatoes, or 
other articles, ground or bruised, and mixed with water. When the 
ingredients have been properly mixed or mashed, the infusion is left 

* Tables calculated to shew the per centage over or under hydrometer proof 
are sold with the instrument, by Mr. Batb, Poultry, London. 

C2 
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at fait for some tiniey during which the saccharine matter is eXtracled 
by the water from the malt or grain, &c. ; the liquor is then drawn 00*, 
more water is added, and the idfusion continued till the strength of the 
malt or grain, &c. is sufficiently extracted. The wort thus procured is 
conveyed into coolers, or coaled in pipes immersed in water, and when 
sufficiently cool is conveyed into vats. Barm is afterwards added to 
induce fermentation, which is encouraged as much as possible. As soon 
as the process of fermentation commences, the saccharine matter con- 
tained in the wort is gradually converted into spirits, and the wash is 
rendered more light in proportion to the decomposition of the saccha- 
rine matter, and the development of the spirit it contains. 

The wash thus prepared is then conveyed to the wash still, where 
it boils, and the spirituous parts made to rise in vapour, Which is coiv 
densed in the worm or alembick (the worm being kept cool for that 
purpose by being surrounded by cold water in the worm tub, and 
making many convolutions therein) ; hereby the vapours are condensed, 
and what entered the pipe in fume comes out in drops. 

Low wines are spirits of the first distillation from the wash, and 
are in general weak and impure, requiring to be distilled again before 
they become fit for use. The definition given by law is, " That all spi- 
rits of the first extraction, drawn or produced by one distillation of 
Wash, shall be deemed and called low wines.'' 

6 Geo. IV. chap. 80, sec. 101. 

The low wines are pumped up from the receiver into the charger, 
and conveyed into the low wines still, and being boiled, then the spirits 
emitted from the end of the worm are conveyed through the safe into 
the spirit receiver, the impure parts being conveyed from the safe into 
the feints receiver, and the feints are subsequently re-distilled, until 
they become pure enough for use. Then the spirits are removed for 
rectification, again distiHed and compounded^ and prepared for use by 
the rectifier. Tbe above will give an idea to the inexperienced of the 
process of distillation* For further particulars refer to the act ot 
6th Geo. IV. chap. 80, sec. 40 to 68. 



LAW EXTRACTS. 



No spirits shall be sent out of or removed from the distillery, or 
from the stock of any distiller, at any other strength than 25 per cent, 
or 1 ] per cent, above, or 10 per cent, below hydrometer proof, or in 
any less quantity than 80 gallons, nor without a lawful permit, express- 
ing the true quantity and strength of such spirits. Penalty j£200, if 
any spirits shall be sent out or removed from the distillery or stock of 
any such distiller, in any less quantity than in a cask containing 80 
gallons, or without such permit, or of any greater strength than ex- 
pressed in the permit, and forfeiture of all such spirits, and every cask 
and vessel containing th^ same. 

6 Geo. IV. ch^p. 80, sec. 81. 

But by a general order of the 19th of September, 1828, an indul- 
gence is granted, which allows a variation of six-tenths of a gallon per 
cent, upon spirits warehoused. 



DENOMINATION OP SPIRITS. 

§ 

All $pirit8 distilled in £ngland, or distilled in Scotland or Ireland 
and imported into England, shall be deemed and called British Spirits ; 
and all spirits that shall not have had any flavour communicated thereto 
shall be deemed and called Plain British Spirits. All other spirits pro- 
duced by re-^istillation, and which shall not have had any flavour com- 
municated thereto, and all liquors which shall he mixed with any such 
spirits, shall be deemed a British Compound, called British Brandy; 
and all other spirits produced by re-distillation, and which shall have 
been mixed with juniper berries, carraway seeds, anniseeds, or any 
other seeds, preparation, or ingredient whatsoever used in the com- 
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pounding of spirits, and all liquors which shall be mixed with tktiy iuth 
ftpiritSy shall be deemed and called British Compounds ; and ,aH British 
Spirits of the strength of 43 per cent, above proof, or of a higher degree 
of strengthi shall be dedmed and called Spirits of Wine. 

6 Geo. IV. chap. 80, sec. 101. 



GENERAL ORDER, APRIL 5, 1834. 

All 'spirits distilled in Scotland or Ireland, which*ishail not haVe 
l>een mixed with any matter or things water only excepted, nor have 
any flavour communicated thereto, be denominated plain spirits. The 
Stock of all rectifiers, compounders^ or dealers in spirits, are to be com- 
puted at proofs atid dredil giVen accordingly ; and retailers to have 
credit in stock according to the gallons or bulk. 

No distiller, rectifier, coni^under of or dealer tn spirits, ii atlow- 
^ to have any increase or decrease in stock not duly accounted for ; 
exceeding 5 per cent, the excess shall be forfeited, and likewise forfeit 
SOs. per gallon for every gallon of such excess or decrease. 

6 Geo* IV. chap. 80, sec. 109 and 117. 



C^NERAL order, march 25, 1826. 

No notice to be taken of decreases in the stocks Of dealers and 
i-ettifiers, although they may exceed the ^ve per cent, allowed by law, 
{)rovided such deci*eases do hot exceed foui* gallons in any kind of spirits. 

Stretigth of spirits of ^Ine Ibrty^thfee per cent, over proof at the 
least, and to be permitted and stocked accordingly ; and. every dealer 
in and retailer of spirits shall keep all spirits of wine in a separate and 
distinct cellar or place entered for that purpose, in wbibh no other spi- 
Hts or foreign wine or sweets are kept : penalty £200. If any spirits 
bf wine shall> af\er the 5th of January* 1826, be kept or removed of 
less strength thaii aforesaid^ or be mixed with ady foreign wine, foreign 
or colonial spirits* or British spirits* or by any means be by such dealer 
or retailer reduced in strength, or shall be removed without a permit 
expressing the strength thereof* or shall be found upon the premises 
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(Jr in the pofliession of any dealer or retailer^ otherwise ihliii in such 
entered cellar or place, penalty £200, and forfeiture of all such spirits 
of wine, and all wine or spirits with which any spirits of wine shall be 
S0 mixed. 

6 Geo. IV. chnp. 80, sec. 114. 



PJERMITS. 

No spirits to be removed without a penniti on pain of forfeiture, 
with the vessels, &c and 20s. per gallon ; nor shall be removed or sent 
out of the stock or possession of any distiller, rectifier or compounder 
of, or dealer in, or retailer of spirits, without a permit, first granted by 
the proper officer of excise, upon a request note subscribed by such 
distiller, rectifier, or compounder, or dealer, &c. or by some person on 
his behalf, specifying therein the quantity, quality, and strength of such 
spirits, and the casks or other vessels containing the same, the person 
from whom^ and place from which, and the person to whom, and the 
place to. which such spiHts are to be sent, and by what mode of con- 
veyance the same are intended to be sent, and whether by land or by 
water ; and no permit shall be valid or of any effect, if the same sh&il 
be granted, or &ny request note not made conformably to the directions 
of this act. 

No permit shall be granted to a distiller fol* any smallef quantity 
of spirits than eighty gallons, contained in one cask, or to any rectifier, 
or compounder of, or dealer in spirits^ for any smaller quantity than 
two g^lons. 

No retailer, or other person shall send out or receive any spirits 
exceeding one gallon without a permit, nor shaH any person carry the 
aame on pain of forfeiting £200. 

6 Geo. IV. diap» 80, sec. 115 and 116. 

All standing or fixed casks, used by dealers or retailers for spirits 
in stodc, to be entered on forfeiture of £100, and the cask and liquor 
in it ; and to have the contents in gallons, and also the name of the 
quality, strength, sort or kind of spirits contained therein, legally paint- 
ed, cut, or branded on some conspicuous part thereof, under the penalty 
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of £50. The officer shall also request the trailer to take out the head 
of every new cask before it be used, that he may with greater ed^e and 
accuracy take its dimensions. 

6 Geo. IV. chap 60, sec. 123. 



GENERAL ORDER, NOVEMBER 5, 1795. 

To prevent inaccuracies and abuses in stocking spirits under the 
denomination of bye gallons, due notice must be taken, that in the 
stocks of brandy dealers no spirits whatever are to be taken account 
of, and entered as bye gallons, except such as are drawn off into casks 
not exceeding twelve gallons, in order to their being sent out ; and that 
where bye gallons are at all entered, a memorandum of the date, the 
name of that trader, and the number of small casks, Ac, of each kind of 
spirits, and the quantity in each, must be regularly entered on a page 
leaf at the end of the stock book ; and no casks whatever in the stocks 
of brandy dealers must be taken an account of by the sound, but every 
ullage cask, although of a less content than twelve gallons, must be 
dipped and entered separately in the stock book ; and with respect to 
the stocks of brandy retailers, all casks of foreign spirits exceeding 
twelve gallons, and of British spirits exceeding twenty gallons, mus^be 
dipped and entered in the stock book in the same manner as casks of a 
larger size are entered. 



GENERAL ORDER, FEBRUARY 27> 1826. 

DsAi^Rs in or retailers of foreign spirits are allowed to mix any 
foreign spirits with fruits or juice and sugar, upon their giving twenty- 
four hours' notice to the proper officer, specifying the quantity, strength, 
and quality of the npirits intended to be mixed, and the hour at which 
such mixture is intended to be made. 

No dealer in British spirits shall sell, or send out, or receive, or 
liave or keep in his stock or possession, any plain British spirits, except 
«pirit{i of wine, of any strength exceeding twenty-five per cent, above 
hydrometer proof, or of any strength below seventeen per cent, under 
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hydrometer proof, or any compounded spirits, except shrub, of any 
greater strength than seventeen per cent, under proof, on pain of for- 
feiture, with the casks or other packages containing the same. 

6 Geo. IV. chap. 80, sec. 124. 

No dealer in spirits can send out more than 100 gallons of spirits 
of wine to any person in the same day. 

6 Geo. IV. chap. 80, sec. 125. 



SPIRITS TO BE KEPT SEPARATE. 

EvBRY dealer in spirits who shall receive into his custody any 
foreign or colonial spirits (not being compounded colonial spirits), and 
also any British spirits, shall keep the same separate, and in separate 
cellars, vaults, or other places specially entered for that purpose, on 
penalty of £100; or 20s. for every gallon of British spirits, or com- 
pounded spirits, which shall be found in his possession, in any vault, 
cellar, or other place, not specially entered for that purpose; or where 
any foreign or colonial spirits (not being compounded colonial spirits) 
shall be found or kept; and for every gallon of foreign or colonial spi- 
rits (not being compounded colonial spirits), which shall be found in 
his custody or possession, in any vault, cellar, or place, not specially 
entered for that purpose, or where any British spirits or compounded 
spirits shall be found or kept, and forfeiture of all such spirits so found, 
and the casks and packages containing the same ; and no person shall 
mix or keep, sell or send out, any British spirits mixed with foreign or 
colonial spirits, on penalty of £100; and all spirits so mixed or sold, or 
sent out, with the casks and packages containing the same, shall be for- 
feited : Provided, that every dealer in and retailer of spirits shall be 
allowed on all foreign or colonial spirits (not being compounded eolo- 
nial spirits)^ lawfully brought into his stock, additional credit, over and 
above credit for the number of gallons expressed in the perrak accom- 
panying such spirits, for such further number of gallons as shall be equal 
to the number of gallons of water added to and mixed with ^uch spirits, 
in the presence of the officer, in order to reduce the strength thereof to 
seventeen per cent, under proof. 

6 Geo. IV. chap. 80, sec. 126. 
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No distiller, recitifier, or compounder of, or dealer in, or retailer of 
tipirits, shall be allowed to request or take out more than one permit 
in one day, for the same person, and that only for one cask, except as 
after excepted, and if more be removed, with or without permit, they 
are forfeited penalty £100, &c, except for spirits of different kinds, 
separately described, also for any number of casks at one time, each 
containing eighty gallons and upwards. 

6 Geo. IV. chap. 80, sec. 127- 



GENERAL ORDER, FEBRUARY 6, 1826. 

No objection is to be niadd to granting a permit for tiiore than 
one cask of British com{)oUiids, of \e^ content than eighty gallons, pro- 
vided the spirits in each cask differ, either in quality or strength, and 
each kind of compounds be distinguished by the name under which it is 
generally known in trade, and the strength of each be particularized 
in the request note. 

No retailer of spirits, not taking out or having a licence as a 
dealer in spirits, shall be entitled to request, or shall have any permit 
granted for the removal of spirits, except to a private person not being 
a rectifier, or compounder of, or dealer in, or retailer of spirits; penalty 
£50, and forfeiture of all spirits so sold, sent out, or delivered by such 
retailer. 

6 Geo. IV. chap. 80, sec. 129. 

No retailer of British spirits shall sell, send out, receive, or keep 
in his stock or possession, any spirits of wine, exceeding at one time 10 
gaIlons> or any plain British spirits, of any strength exceeding 25 per 
cent, above hydrometer proof, or lower than 17 per cent, under proof, 
or any compounded spirits, not being shrub, of greater strength than 
17 per cent, under proof, or any foreign or colonial spirits (not being 
compounded colonial spirits), of less strength than 17 per cent, under 
hydrometer proof, on pain of forfeiture of all such spirits, with the casks 
or packages. containing the same, and no allowance whatever shall be 
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granted to any retailer for any increase in stocks of spirits of wine, or 
p!aiu British spirits or compounds, by water, sugar, syrup, or fruit. 

6 Geo. IV. chap 80, sec. 130. 



GENERAL ORDER, NOVEMBER 1, 1834. 

Ordered, that until the pleasure of Parliament shall be known 
upon the subject, spirit retailers be allowed to reduce over proof British 
spirits to proof by the addition of water, under the regulations that 
apply to the reduction of foreign or colonial spirits. 



GENERAL ORDER, DECEMBER 90, 1834. 

Orpbkbd, that the strength per centum be specified in all permits 
granted for the removal of spirits of every denomination. 



ABSTRACT OF 9th GEO. IV. CHAP. 61 . 

L General licensing meetings of justices are directed to be 
held annually in the various districts of the country; in the eounty of 
Middlesex and Surrey, within the first ten days of the month of March ; 
and in every other county on some day between the twentieth day of 
August and the fourteenth day of September inclusive. — 2. These meet-r 
iogs are to be appointed at some petty sessions, held at least twenty- 
one days before such general meetings, by notice afiixed on the church 
door; and notice of the time and place be sent to the houses of all th0 
justices,, and to the houses of all persons keeping inns, and those who 
have given notice of their intention to apply for licences to open new 
public-houses. — 3, These meetings may be adjourned at the discretion 
of the justices ; but such adjourned meetings dre not to be held within five 
days of the general meetings, and they must be held wjthin the month 
of March in Middlesex and Surr0y; and within the months of August 
or September in every other county. — 4, Special sessions are to be 
appointed by the justices at the general meetings for the purpose of 
transferring licences. — 5. Notice is to be given of the adjournment of 
the general annual licensing meeting and special sessions.— 6. Justices 
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in any way concerned as common brewers, distillers, maltsters, or re« 
(ailers of any exciseable liquor, are not allowed to act as licensing magis-. 
trates. — 7* When in small town?, . liberties, &c. two justices not dis- 
qualified do not attend, the county justices may act.— 8. But this power 
of actiqg, to given to county justices, does not extend to the cinqiie 
ports. — 9< The majority of jiMtices at such meetings are to determine 
all questions respecting lic^ices ; and to sign all the licences which may 
be granted. — 10. Every person intending to apply for a licence to sell 
exciseable liquor by retail, to be drank or consumed in any house not 
theretofore kept as an inn, shall affix or cause to be affixed a notice on 
the door of such house, and on the door of the church or chapel of the 
parish or place in which such house shall be situate; and where there 
shall be no church or chapel, on some other public and conspicuous 
place within such parish or place, on three several Sundays between 
the first day of January and the last day of February, in the countiei 
of Middlesex and Surrey, and elsewhere between the first day of June 
and the last day of July, at some time between the hours of ten in the 
forenoon and of four in the afternoon, and shall serve a copy, of such 
notice upon one of the overseers of the poor, and upon one of the con- 
stables or other peace officers of the said parish or place, within the 
month of Febraary, in the counties of Middlesex and Surrey, and else* 
where within the month of July, prior to the general annual licensing 
meeting; and every sucli notice, and the copies thereof, shall be written 
in a fair and legible hand, or printed, and shall be according to the fol« 
lowing form :-~ 

'* To the ovenaers o( the poor, and the cooBtables of the parish of 
and to all whom it may concern : 

*' I, A.B. [tiaie the trade or occupation], now residing at in the parish 

of in th# county of and for six months last past having resided 

at in the parish of [or, in the several parishes of Jin 

" the county of [or, in the counties of ], do hereby give notice, that 

** [if application is intended to be made to a tpecial session, here state the cause for such 
" appltcation,] it is my intention to apply at the general annual licensing meeting [<w, 
** at the special session] to be holden at on the day of next 

" ensuing, for a licence to sell exciseable liquors by retail, to be drunk or consumed 
** in the house or premises thereunto belonging, situate at [/lere describe the house 
*♦ intended to be opened » specifying t/ie situation of it, the person of whom rented, the 
" present or late occupier, whether kept or used as an inn, alehouse, or victualling house, 



« 
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" m!hm i/te ihretf yean preceding' ; and, tfM, by Ufhonit and under whcU sign]; and 
" which I intend to keep as an inn, ale-hoose, or victualling house.'' 



■»» 



*' Given under my hand, this day of one thousand eight hundred 

"and 

N. B. A copy of this notice to be served upon one of the overseers of the poor, 
and upon one of the constables or other peace officers of the parish in which is situate 
the house intended to be opened. 

[This must be signed by the party intending to make such application, or by his 
agent thereunto authorised, and shall set forth the situation of the house in a true and 
particular manner, and the christian and surname of the party applying, together 
with the place of his residence, and his trade or calling, during the six months pro» 
viooB to the time of serving sach notice, and his intention to apply for a licence to 
sell exciseable liquor by retail, to be drunk or consumed in such house or premises.] 

11. Every person holding a licence under the authority of this 
act, or his heirs, executors, administrators, or assigns, being desirous to 
transfer such licence to some other person, and intending to apply at 
the special session then next ensuing for permission so to do, shall, &ve 
days at the least prior to such special session, serve a notice of such his 
intention upon one of the overseers of the poor^ and upon one of the 
constables or other peace officers of the parish or place in which the 
house kept by the person so holding such licence is situate ; and every 
such notice shall be written in a fair and legible hand, or printed, and 
shall be according to the following form : — 

" To the overseers of the poor and the constables of the parish of in 

" the county of and to all whom it may concern: 

" I, A. B. [(rr. We, the executors, &c. &c- of the late A. B.] victualler, being 
" aotborised by virtue of the licence granted to me [OTt him, or, her], at the general 
" annual licensing meeting, [or, special session] held at on the 

" day of one thousand eight hundred and , to seUexciseable liquor 

" by retail, to be drunk or consumed in the house or premises thereunto belonging, 
" situate at [here describe the situation of the house], and commonly known by the sign 
** of the do hereby give notice, thai it is my [or, our] intention to apply at 

" the special session to be bolden at , in the county of , on 

" day of , one thousand eight hundred and , for per- 

" mission to transfer the above-mentioned licence to C. D. [stcUe his trade or occu- 
** potion], now residing at ^ , in the parish of , in the county of 

" , and for six months last past having resided at , [or, in the 

" several parishes of ], in the county of , [or, counties of ] 

" that the said C. D. intending to keep as an inn, ale-house, or victualling house, the 
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" said bouse to as aforesaid kept by me [or, as] may sell exciseable liqnon by retail, 
'* to be drank or consumed in the said house or premises thereunto belonging.*' 

'* Given under my hand this day of ' one thousand eight hundred 

N. B. A copy of this notice to be served upon one of the overseers of the poor, 
and upon one of the constables or other peace officers of the parish in which is situate 
the house kept by the person whose notice it is. 

[This notice must be signed by the party intending to make such application, or 
by his agents thereunto authorised, and shall s^t fo^h the christian and s^njame of the 
person to whom it is intended that such liqei^ce shall be transferred, to|g;ether with 
the place of his residence, and his trade pr palling, during the six roontJis previou9 
to the time of servip^ such np(ice.] 

12. Persons hindered by sickness from attending any licensing 
meeting, may authorise others to attend for th9my and to receive their 
licences, transfers, &c. 



OF PURCHASING WINE AND SPIRITS, 

In purchasing foreign wine and spirits, it is particularly recom»> 
mended to the retailer to purchase them at the docks, the price, exclu-^ 
sive of the duty (especially of spirits) being very trifling, and tliey 
may be allowed to remain in the warehouses after they are bought, 
by giving bond for the payment of the duty and warehouse rent when 
taken out for home consumption, which may be done by taking out any 
{Convenient number of casks at a time on paying the duty. Both wine 
and spirits are improved by age, and the advantage in the over proof 
in thp latter is considerable, Care must be taken to aspertain, by the 
hydrometer, that the spirit is of the strength represented ; and when 
taken home, the over proof must be reduced in the presence of the offi- 
cer of excise, to prevent an improper increase of stock. Rum,* of which 
there are various sorJts, is imported into this country from the West 
India Islands; that from Jamaica is the best, and the consumption of 
it, in consequence of iu approved flavour, is greater than all the others, 

* In selecting your rum, be careful it is not of a bad flavour, Give it a fair trial, 
ia a large glass with warm water, without sugar; this opens the flavour, and will 
assist your judgment. The flavour being IJner inlpwer strei>^h^, frpm }iio^ 
per cent, over proof. 
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h purchasing rum, the dealer should always make choice of the strong- 
est over proof he can get. For instance, if you purchase a puncheon 
of rum which is thirty gallons over proof, you must pay the duty for 
the said over proof, and add thirty gallons of water, which will reduce 
the same to proof; you will thus have an additional thirty gallons of 
rum for only paying the duty. 



BATE'S SAGCHAROMETER. 

BV an order of the Lords of the Treasury, dated 17th October, 
1823, it is called Bate's Saccharometer, from the name of the maker, 
RoBBRT Brbttel Bate, of London, and appears to be an instrument 
well calculated to answer all the purposes intended. The use of the 
saccharometer was known for many years by distillers, but its adoption 
by the officers of excise is of recent date. It is a simple machine, and is 
nothing more or less than what its name imports — a measure of sweet- 
ness. It was constructed to ascertain the sweetness of worts, to com- 
pare their weight with that of equal quantities of the water employed. 
In fact, it may be said to be an hydrometer, calculated to shew the spe- 
cific gravity of wash instead of spirits; for, as spirituous liquors are 
strong in proportion to their levity, or weak in proportion to their gra-* 
vity, hence, as the hydrometer will sink deeper in strong than in weak 
spirits, so the saccharometer will sink deeper in weak th^n in strong 
worts, 



THE NEW IMPROVED SACCHAROMETER, 

Designed principally for brewers, to enable them to brew ale 
and beer at all times, uniformly the same ; also, to ascertain the com- 
parative value of malt, regulate their lengths, and obtain standard 
strengths for different beers, &c. &c.; and equally useful to the malt 
distillers and West India planters, to regulate their wash for distilla- 
tion; likewise to the vinegar-maker, soap-boiler, and maker of British 
wines; together with tables of expansion and comparison of the old al^ 
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and the imperial measure, apd other tables equally useful to the 
brewers. 

This instrument is truly of the ^eatest importance to every pub- 
lican who brews his own ale and beer; also to private families, who are 
in the habit of brewings, making sweet wines, &c. 

The method of using the saccharometer is rendered simple and 
easy to every capacity, as may be seen in the book of instructions, 
where tables correspondent with the instrument are subjoined, shewing 
at once, from any given quantity of wort or malt (iquor, &c. the spe- 
cific gravity and real extract of the malt ; thereby pointing out, in the 
most accurate way, the comparative difference between good and bad 
malt. The most confident proof can always be effected by the above 
instrument, except in consequence of unskilful or bad management in 
brewing. The ingenuity displayed by Mr. Long, in the construction of 
his new saccharometer, deserves to be particularly noticed. It has only 
one weight, and that only requisite for, wort exceeding 251b8. of gra- 
vity, or 651bs. of extract per barrel; and the thermometer is constructed 
so as to act in unison with the saccharometer, by which the use of rules 
and tables are rendered altogether unnecessary in practical business, 
and it is the only instrument that will shew the strength of worts per 
barrel of the imperial measure. 

It may be necessary to observe, for the information of all persons 
using hydrometers or saccharometers, that none but those made by Mr. 
R. B. Bate, of the Poultry, London, will support them in any suit at 
law, on any matter in dispute relative to the strength of spirits, &c. 
They are the only ones recognised by law, and used by the officers 
of excise. 



DISTILLATION. 

To calculate whether the produce of any distillation exceeds or 
amounts to one gallon of proof spirits for every five degrees of gravity 
of such wort or wash which shall be attenuated. 

FIRST MODE. 

Multiply the number of gallons of wort or wash by the number 
of degrees of gravity attenuated, cut off two figures to the right hand 
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08 decimals, divide the product by fire^ and the quotient will be the 
quantity of proof spirits to be charged. 

EXAMPLE. 

Suppose the quantity of wash be 11684 gallons, original or high* 
est gravity 62 degrees, and lowest grayity 2 degrees, to find the quan» 
titj of proof spirits which would be chargeable thereon. 

1 1684 gallons of wash. 

^ f degrees attenuated, being the difference between the 
\ highest and lowest gravity. 



5)7010.40 

1402.08 gallons of proof spirits chargeable. 

SECOND MODE. 



Reduce the quantity and strength of low wines produced from the 
above quantity of wash to proof, from which deduct two per cent., and 
the remainder will be the charge. 

EXAMPLE. 

Suppose the low wines produced from the wash before-mentioned 
be 3960 gallons of the strength 59.6 per cent, under proof, what quan* 
litj of proof spirits would be chargeable in respect thereof? 

3960 number of gallons. 

40.4 difference between the strength per cent, and 100. 



15840 
158400 



1599.840 gallons at proof. 
31.99 deduct two per cent. 

1567-85 gallons chargeable. 

THIRD MODE. 

From the quantity and strength of the feints and spirits re- 
spectively compute the equivalent quantities at proof strength by the 
methods already described. 
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EXAMPLE. 

Suppose that from the before-mentioned quantity of low wines 
(viz. 1599.84 gallons at proof), and the feints (1084.45 gallons at 
proof), remaining from a former distillation, there be produced 2240 
gallons of feints of the strength of 45.0 per cent, under proof, and 1 200 
gallons of spirits of the strength of 30.6 per cent, over proof, \d)at quan- 
tity of proof spirits would be chargeable in respect thereof? 

2240 gallons of feints. 
55 difference between the strength per cent, and 100. 



11200 
11200 



1232.00 gallons of feints at proof. 
1567*2* gallons of spirits at proof. 

2799.2 toUl. 

1084.45 deduct feints from former distillation. 



1714.75 gallons at proof chargeable. 

From the foregoing examples, it appears that by the first mode 
of charge the gallons of proof spirits chargeable in respect of the wort 
or wash is 1402.08. 

By the second mode, in respect of the low wines produced^ 1567*85. 

By the third mode, in respect of the feints and spirits produced, 
1714.75. 

The quantity of proof spirits chargeable in* this instance from the 
third mode, being highest in amount, is of course charged with duty. 

The maximum, or greatest quantity of proof spirits which any 
quantity of wash is supposed to be capable of producing, must be com- 
puted in each case; to do which observe the following method— to the 
quantity of spirits chargeable in respect of the quantity, gravity, and 
attenuation of the wash, add its one-fifth part^ fud the sum will be the 
maximum quantity. 

♦ 1200X130.6—1567.2 
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BX AMPLE. 



Suppose the quuititj of spirits diargeable from wash be 1402 
gallons, as in the foregoing example to find the maximum quantity. 

1409^16 gallons of wash. 
280.416 ooe4ifUi added. 



1682.50 maximum; 

which falling short of the highest amount of diarge asoertained by 
either the second or third mode, the diflerenoe, 92.25, abore the latter 
(viz. 1714.75) is called an undue exoeas, and a separate aooount kept 
thereof agreeably to the pioTiaooBof the law. 



0S 



TO BUY AND SELL SPIRITS 



ACCORDING TO THE STRENGTH, &c. 



HaviNO the price of spirits at any given strength, to find tb« 
price at any strength required ; or having the strength of spirits at any 
given price^ to find the strength at any price required. 



RULE. 



As the given strength is to its price^ so is any strength to its price; 
or as the given price is to its strength^ so is any price required to the 
strength required* 



EtAHPLIS FIRST. 



tf a brandy merchant sells French brandy at proof for 328. per 
gallon^ what will that be per gallon at 25 per cent, over proof? 



Proof. i. 

As 100 : 32 i: 125 : 

32 



250 
375 



s. 



100)4000(40= iC2. Answer. 
400 



* • 
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BY THE SLIDING RULE. 

Rule. As the strength en the slide is to its price on the nde, 
10 is any strength required on the slide to its price on the rule. 

On slide. On rule. On slide. On rule. 

As 100 : 32s. 125 : 40s. =£2. Answer. 

As the rule now stands, it is a regular table of prices on the rule 
for any strength on the slide for that rate. 

example second. 

If a brandy dealer sells Jamaica ram at 25 per cent, over proof 
at 20s. per gallon, what will that be per gallon at 10 per cent, under 
proof? 

As 125 : 20s. :: 60 

20 

*. d. 

125)1800(14 4f Answer. 

125 



•550 
500 

"^ 
12 



125)6100(4 
500 



WO 
4 



125)400(3 
375 



•25 

' BY TttB SIiIDlli& JRJLB; 

On slide. On rule. On slide. On rule. 

As 125 : 20s. :: 90 : 14s. 4|d. Answer, as before. 
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BXAMPLB THIRD. 



If a brandy deiiler sellft gin, 17 per cent, under proof, at 128. per 
gallon, ivhat will that be per gallon at 30 per cent, under proof? 

As 83 



: 12s. 


»* 


70 


70 

83)840(10 


d. 

14 


Answer. 


83 







10 
12 

83)120(1 
83 



83)148(1 
83 

•65 

BY THE SLIDINO RUtt. 

Oii8lid6. Oilral«. On slidef. Oil rule. 

As 83 : 128. 70 : 10s. 1^. Answef, as before. 

bxaMI>lb fourth. 

If a brandy merchant buys French brandy 25 per cdnt. over proof 
at 408. per gallon, what strength must he have at 328. per gallon t 

As 40s. : 125 :: 32s. 

32 



250 
375 



40)4000(100=8proof> An8W0r,nh€i strength Quired. 
40 

'HO 
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BY THB SLIDING RULB. 

RuLB. As the price on the rule is to the strength on the slide, 
so is any price required on the rule to the strength required on the 
slide. 

On rule. On slide. On role. On slide. 

As 40s. 125 328. 100=proof. Answer. 

As the rule now stands, it is a table of strength on the slide for 
anj price on the rule for that rate. 



METHOD OF ASCERTAINING THE STRENGTH 

OF SPIRITUOUS LIQUORS. 



In trying spirits by the hydrometer, observe^ as the external air 
(being either hotter or colder than temperate) affects spirituous liquors^ 
causing them to appear stronger or weaker in proportion to the said 
heat or cold; that is, in cold weather, when the temperature is low, spi- 
rits will condense and appear stronger, and in warm weather, or when 
the temperature is high, they will expand and appear weaker ; there- 
fore, to regulate this, a thermometer must always be used with the 
hydrometer, in order to ascertain the state of the spirits at the time of 
trial. 

« 

It is to be observed, that in large vats or store piecesi a sample 
taken at the top and another at the bottom materially differ; therefore 
the sample should be taken with sinking vials, as near as possible fiom 
the middle of the depth of the spirit. When the casks or vessels are not 
large, the variation will be trifling. 

Having poured a sample into the proof glass, first immerse the 
thermometer, stir the sample with it, and wait till the mercury be sta- 
tionary ; then, without taking out the thermometer, bring the eye to a 
position exactly opposite to the edge or surface of the mercury, and 
note down the temperature ; immerse the hydrometer, press it down- 
wards till the whole divided part of the stem be wet, observe the force 
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required to sink it as a guide in lelecting the proper weig:htSy and slip 
that on the bottom of the hydrometer; again immerse it, see that the 
whole be free firom air bubbles, and pressing the instniment downwarda 
as before, to dirision O, let it slowl j rise to the nesting point ; bring 
the eye to the level of the surface of the sample, note what part of the 
stem is cut by the surface, as seen from below, and add such part or 
division to the number of the weight for the indication. 

It is to be observed, that the stem of the hydrometer, above divi« 
Bion O^ must not be wet, it is therefore recommended that only so much 
of the sample as will cover that point be used ; let the hydrometer, the 
thermometer, the proof glass, and the sample remain together for some 
time previous to their being used, to acquire the same temperature. 



FOR THE STRENGTH BY THE TABLE. 

Find the indication among the numbers in the outside columns *, 
ftod upon the same line, under the temperature, will be given the strength 
per cent., those strengths preceding the line zigzag or separation being 
oyer proof, and those succeeding it under proof. 

The strength is expressed in numbers, denoting the ezceiM or defi«' 
ciency per cent, of proof spirits in any sample, and the number itsetf 
(having its decimal point removed two places to the left) becomes a 
factor, whereby the gauged content of a cask or vessel of such spirits 
being multiplied, and the product being added to that gauged content, 
if over proofs or deducted from it if under proof, the result will be the 
actual quantity of proof spirits contained in the cask or vessel. 

Officers of excise are to estimate the temperature by the nearest 
degree above the surface of the loerenry, when it stands between any 
two degrees of the thermomeieri and the indication by the nearest divi- 
sion below the ssrfsKe of the sample, when its level cuts the stem of 
the hydrometer between one division and another, tlius giving the dif- 
ference in favour of the trader in both cases. The square weight or cap 
shews the difference between the weight of proof spirits and that of 
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water, as described in the first clause of the hydrometer act, and being 
one-twelfUi part of the total weight of th^ hydrometer, and weight 60, 
if added at the top, will sink them in distilled water at 51^ to the proof 
point at that temperature, as mariced on the side of the stem. 

BXAMPLB FlIUIT. 

Let the temperature be 38** and the indication 54.2, required the 
strength? 

Sub-division shewn by hydrometer, 4.2 

Number on the weight used, 50. 



Indication 54.2 

TO FIND THB STRENGTH BY THE TABLE. 

RuLB. Turn to that part which contains the given temperature^ 
and look for the indication in the margin^ and upon the same line, 
under the degree of temperature, is the pe)r centage of strength ; all 
strengths above the zig2ag line or separation are over> and all below it 
ari^ under ptoof. 

Opposite 54.2 in the column of indication, and undi&r 38^ of 
tempwature, stands 14.0 per cent, which being above the zigzag line is 
over proof. 

BY TlilB SLIDING RULB. 

RtJLlS. As the star on the slide is to the temperature on the rule, 
so is the indication on the slide to the strength per cent, over or under 
proof on the rule. 

As the star on the slide 

Is to 38° the temperature on the rule. 

So is 54.2 the indication on the slide 

To 14.0 per cent, over proof on the rule, as before. 
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BXANPLB SECOND. 

Let the temperature be 51 *^ and the indication 60.8, required the 

stren^T 

Sub^divison shewn by hydrometer, 0.8 

Number on the weight used,. 60. 



Indication 60.8 

Opposite 60.8 in the column of indication, and under 51® of tern- 
perature, stands the line zigzag or separation, which denotes proof, the 
strength required. 

> 

Again by the rule : — 

As the star on the slide 

Is to 51® the temperature on the rule. 

So is 60.8 the indication on the slide 

To P on the rule, which indicates proof, the strength as before. 

BXAMPLB THIRD. 

Let the temperature be 30® and the indication 73.4, required the 
strength ! 

Sub-division shewn by the hydrometer, 3.4 

Number on the weight used, 70. 



Indication 73.4 

Opposite 73.4, in the column of indication, and under the 30® 
of temperature, stands 14.6 per cent., which being below the zigzag 
line is under proof, the strength required. 

BY THB RULB. 

As the star on the slide 

Is to 30*^, the temperature on the rule, 

So is 73.4 the indication on the slide 

Tu 14.6 per cent under proof on the rule, strength as before. 



46 TO ASCERTAIN THE STRENGTH OF LIQUORS. 

A FEW EXAMPLES FOR PRACTICE. 

BXAMPLB FIRST. 

GiTen the strength, proof, and temperature 80°, required the 
indication ? 

BY THB TABLE. 

RuLB. Look for the given temperature, and on the same line as 
the given strength, in the left hand column, you will find the indication 
required. 

In tlys example, under 80° , the temperature, and on the proof line, 
zigzag or line of separation, you will find 54., the indication required. 

BY THB RULB. 

Rule. As the given temperature on the rule is to the star on the 
slide, so is the given strength on the rule to the indication required on 
the slide. 

Thus:— 

As 80° the temperature on the rule 

Is to the star on the slide. 

So is proof, the given strength on the rule. 

To 54., the indication as before, on the slide. 

EXAMPLE SECOND. 

Given the strength 19.0 per cent, under proof, and the indica- 
tion 69., required the temperature? 

BY THE TABLE. 

I 

Rule. Seek in the table until you find the given strength, and 
indication in the same page, and at the top of the leaf you will find the 
temperature required. 
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In this example look for 19.0 per cent, under proof, and indica- 
tion 69., and jou will find 65^ at the top of the leaf, the temperature 

required. 

BY THB RULB. 

RuLB. As the given strength on the rule is to the indication on 
the slide, so is the star on the slide to the temperature required on the 

rule. 

Thus:— 

As 1 9.0 per cent, under proof on the rule 

Is to 69. indication on the slide. 

So is the star on the slide 

To 65^9 the temperature required, on the rule. 



OF SPIRITS. 



NoTB — 100 is the proper divisor for proof spirits; that is, 100 
degrees is the strength of proof spirits, and the said 100 degrees of 
strength is divided into a 100 degrees of equal parts, called degree or 
degrees in a 100 (per cent.); likewise proof spirits afe deemed or defined 
by the hydrometer act to be such spirits, and of such a strength as shall 
weigh -||- of the weight of an equal volume, bulk, or measure of distilled 
water, both being at the temperature of 5P by Fahrenheit's ther- 
mometer. The strength of spirits is the quantity or number of degrees 
of equal parts of a 100 or proof it contains ; therefore, if the strength 
be over proof, add the degrees in a 100, that is, the per centage to a 
100 ; or if the strength be under proof, deduct the degrees in a 100 
from 100, the sum or difference will' be the strength required. 

When the strength is given or expressed in bulk in over proof, it 
is always understood to be such a strength as will bear or take the same 
quantity of water to reduce the strength to proof, as the given or ex- 
pressed strength ; or in under proof, that the given quantity contains 
so much less proof spirits, as the given strength expresses ; and if the 
strength be expressed in bulk, it may be reduced to its equivalent per 
cent, by proportion; thus, as the quantity given is to the strength, so 
is 100 to the per centage. 



REDUCTION OF SPIRITS. ^ 

REDUCTION OF SPIRITS FROM ANY GIVEN TO ANY 

REQUIRED STRENGTH. 

BXAMPLB FIRST. 

Suppose 80 gallons 20 gallons over proof, what is that in a 100 
(percent.)? 

Here, As 80 : 20 :: 100 : 25 per cent, over proof. 

BXAMPLB SBCONO. 

Suppose a 100 gallons 25 per cent, over proof, what will 80 gal- 
lons be? 

As 100 : 25 :: 80 : 20 per cent, over proof. Answer. 

BXAMPLB THIRD. 

Suppose 4 gallons 1 gallon over proof, what is that in a 100? 
As 4 : 1 :: 100 : 25 p^ cent, over proof. Answer. 
And, As 100 : 25 :: 4 : 1 gallon over proof. 



TO REDUCE TO PROOf ANY QUANTITY WHBN THE STRENGTH tS 

GIVEN IN BULK. 

Rule. If the strength be over proof, add the given strength to 
the given quantity, or if the strength be under proof, deduct the given 
Btrength from the given quantity, the sum or difference will be the 
quantity at proof. 



fiO neBUGTiON oii' spirits. 

BXAMPLB FIRST. 

Reduce 117 gallons of brandy 21 gallons over proof to proof. 
Then, by the rule, 117+21sl38 gallons at proof. 

BXAMPLB SECOND. 

Reduce 118 gallons of rum 4 gallons under proof to proof. 

Then, by the rule, 118^4= 1 14 gallons at proof. 

This is so easy 9 that more examples are unnecessary. 

The strength of spirits is calculated at so much in a 100 (per 
cent.) over or under a 100 (over or under proof). 



To reduce to proof any quantity of spirits when the strength is 
expressed at so much in a 100 (per cent.) over or under a 100 (that is, 
over or under proof). 

RULB. 

If over proof, multiply the given quantity of spirits by the sum 
of 100 and its per centage of strength, remove the decimal point two 
places to the left, and the product will be the quantity of proof spirits.* 
Or, if under proof, multiply the given quantity by the difference 
between the strength per cent, and 100; remove the decimal point two 
places to the led, and the product will be the quantity of proof spirits. 

Or 2nd. Point off in the strength Iwo figures, on the right for 
decimal, and make it a factor; then multiply the given quantity thereby, 
and the product will be the quantity of proof spirits. 

Or by the Rule of Three : — 

As 100 is to the quantity given, ^o is the strength given to the 
quantity at proof (by first rule)« 

^ Which i8 the same as dividing by 100, the proper diyisor. 
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Or, as unity or I is to the quantity given, so is the strength givea 
to the quantity at proof (by second rule). 

BXAMPLB FIRST. 

Reduce 40 gallons at 30 per cent, over proof to proof. 

Sum of 100 and its per centage of strength,. . 1.30 
Given quaniky, 40 

Proof spiriu 52.00 gallons. 

BY TABLB FIRST. 

t 

RuLB. Look in the table for the given quantity, under the word 
^llons, &c. and on the same line, under the given per centage (whether 
the same be above or below proof), you will find the quantity of proof 
tpirits. 

BY TABLB FIRST. 

Look in the table for 40 gallons, and on the same line, under the 
30 per cent, over proof, you will find 52 gallons at proof as before ; and if 
from 52 gallons you subtract 40, the given quantity, there will remain 
12 gallons, the over proof, or the quantity of water required to reduce 
it to proof. 

BXAMPLB SECOND. 

Reduce 80 gallons at 1 2 per cent, under proof to proof. 

The difference between the strength per cent, and 100= .88 
Given quantity, = 80 

Proof spirits 70.40 gallons. 

BY TABLE FIRST. 

Look in the table for 80 gallons, and on the same line, under the 
12 per cent, under proof, you will find 70.4 gallons at proof, as befora 
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BY THB SLIDING RULB. 

Proof Giyen quantity Given strength Quantity at proof 

On A. On B. On A. On B. 

As 100 80 88 70.4 



BXAMPLB THIRD. 

Reduce 25j|- gallons at 32 per cent, under proof to proof. 

First reduce the half gallon to a decimal of a gallon, by adding a 
cypher to the numerator 1, and divide that by the denominator 2. 

Thusy 1.0-i-2=.5 decimal for the half gallon. 
Then by Proportion : — 

As 100 : 25.5 :: 100-32=68 : 17.34 gallons at proof. 

Or, reduce the 25^ gallons to an improper fraction, by multiply- 
ing the whole number 25 by the denominator 2, adding to it the nu- 
merator 1. 



Thus, 25J=-^ 



2 
100 



Then, as -if : -i :: 100_32=-5-=tL x iL x-?-=-?^= 

I 2 ] 100 2^1 — 20O — 

1 734 gallons at proof, as before. 



BY TABLB FIRST. 

Look in the table, under the word gallons, for 25 and 26 gallons, 
and half their sum is 25^^ gallons, and on the same line, under 32 per 
cent, under proof, you will find 17. and 17.68, half their sum is 17.34, 
the quantity at proof as before. 

« 

To reduce any quantity of spirits of any strength to any strength 
required. 
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RULB. 

Multiply the given quantity by the given strength^ and divide 
the product by the strength required, and the quotient will be the 
qaantitj required. 

BXAMPLB FIRST. 

Reduce 70 gallmis at proof to 30 per cent, under proof. 

Given quantity 70 
Given strength 100 

100— 30=r70)7000(100=ga1lons at 30 per cent, under proof. 

70 



BY THB SLIDING RULB. 

RuLB. As the Strength required on A is to the given quantity on 
By so is the given strength on A to the quantity required on B. 

Strength required Given quantity Given strength Quantity required 
on A. on B. on A. on B. 

As 70 70 100 100 as before. 

BY TABLB FIRST. 

RuLB. Look in the table for the quantity "of proof spirits con- 
tained in the given quantity under the strength required, and on the 
same Ime, under the word gallons, you will find the quantity (equiva- 
lent to the given quantity) required. 

BY TABLB FIRST. 

Look in the table for 70 gallons of proof spirits under 30 per cent, 
under proof, and on the same line, under the word gallons, you wHI 
find 100 gallons, the quantity required, at 30 per cent under proof, 
which is equivalent to 70 gallons at proof. 



El 
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EXAMPLE SECOND. 

Redace 32! gallons at 25 per cen.t. under proof to 20 per cenl. 
over proof. 

Given strength 100— ^25=375sB8trengtbat 25 percent, under proof.^ 
Given quantity =32 

150 
225 

^*^"^^ I =100+20=120)2400(20 gallons at 20 per cent, over proof, 
required I 240 

.. » 

•0 

BY THE SLIDING RCLE^ 

On A. On B. On A. On B. 

As 120 : 32 :: 75 : 20 gallons as before. 

BY TABLE FIRST. 

Look in the table for 32 gallons, and on the same line, under 2A 
^ef cent, under proof, you will find 24 gallons of proof spirits; 2ndly^ 
look for 24 gallons of proof spirits under 20 per cent, over proof, and 
on the same line, under the word gallons, you will find 20 gallons at 
20 per cent, over proof as before^ Which is equivalent to 32 gallons at 
25 per cent^ und^r proof. 

EXAMPLE THIRD. 

Reduce 132 gallons at proof to 32 per cent, over proof. 

BY PROPORTION^ 

Stren^^ Given diven Quantity 

required. <|uantity. strength, required. 

As 132 2 132 3 : 100 : 100 gallons at 32 per cent, over proofs 

BY THE SUDING RULE. 

Strength Giteri Given Quantity 

required Quantity (Strength required 

on A. on B. on A. on B. 

As 132 : 132 i: 100 3 100 gallorii^at 32percent.O.P.asbeforcf. 



REDUCTION OF SPIRITS. fiS 

BY TABLB FIRST. 

Look in the table for 132 gallons of proof spirits under 32 per 
cent, over proof, and on the same line> under the word gallons, jou 
will find 100 gallons as before, which is equal to 132 gallons at proof. 

BXAMPLB FOURTH. 

Reduce 100 gallons at 32 per cent, over proof to proof. 

Given strength 132 
Given quantity 100 

Strength required 100)13200(132 gallons at proof. 

100 

-320 
300 



'200 
200 



Therefore it is proved by working the two preceding examples, 
and comparing the one with the other, that 100 gallons at 32 par 
cent, over proof are equal in value, or contain the same quantity of proof 
spirits as 132 gallons at proof. ' 

BY TABLB FIRST. 

« 

Look in the table for 100 gallons, the given quantity, and on 
the same line, under the 32 percent, over proof, the given strength, you 
wiU find 132 gallons of proof spirits as before. 

Any similar questicm may be . solved and proved by table first, 
by inspection. 

BY THB SLIDING RULB. 

Proof Given quantity Given ytrength Quantity required 

on A. on B. on A. on B. 

As 100 100 132 132 at proof. 
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BXAMPLB FIFTH. 

Reduce 530 gallonf at 7 per cent, over proof to 6 per cent, over 
proof. 

Given strength 107 
Given quantity 530 

3210 
535 



Strerigth required =106)56710(535 gallons at 6 per cent, over proof. 

530 

318 



•530 
530 



BY PROPORTION. 

Strength required. Given quantity. Given strength. Quantity required. 
As 106 530 :: 107 535 as before. 

Or^ 530-^ 106=5 + 530=535 gallons at 6 per cent, over proof as before^ 

' BY TABLB FIRST. 

1 St. Look in the table for 30 gallons, and on the same line, under 
7 per cent, over proof, you will 32.1 gallons of proof spirits. 

2nd. Look for 500 gallons under the word gallons, and on the 
same line> under 7 per cent, over proofs you will find 535 gallons at 
proof. Now these two numbers added together, thus^ 

32.1+535=567.1 gallons at proof, 

in 530 gallons at 7 per cent, over proof. 

3rd. liook in the table for 567.1 gallons, under 6 per cent, over 
proof, and the next number to it is 530 gallons at proof, and on the 
same line, under the word gallons, you will find 500 gallons. Now from 
667.1 subtract 530 gallons, and there will remain 37.1 gallons. 
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4th. Look in the table for 37.1 gallons at proof, under 6 per 
cent, over proof, and on the same line, under the word gallons, you will 
find 35 gallons. Now 500 added to 35 is =535 gallons, answer as before, 
which proves that 530 gallons at 7 per cent, over proof are equal in value 
to 535 gallons at 6 per cent, over proof. 

BXAMPLB SIXTH. 

Reduce 520 gallons at 8 per cent^ over proof to 4 per cent, over 
proof. 

BY PROPORTION* 

Strength Qiven Given Quantity 

required. quantity. strengUi. required. 

As 104 520 108 : 540 at 4 per cent, over proof. 

Or thus, 520h-104=5 x4 (the difference of the per centage)=20, 

Then 520+20=540 as before. 

BY THB SLIDING RULB. 

Strength Given Given Quantity 

required quantity strength required 

on A. on B. on A. on B. 

As 104 520 :: 108 540 gallons as before. 

BY TABLB FIRST. 

Look in the table for 500 gallons^ and for 20 gallons under 8 per 
cent, over proof, and on the same line you will find 540 gallons oppo- 
site the former, and 21.6 gallons opposite the latter; then 540 added to 
21.6 gives 561.6 gallons at proof in 520 gallons at 8 per cent, over 
proof. 

2nd. Look in the table for 561.6 gallons at proof, under 4 per 
cent, over proof, and the next number to it is 520 gallons, and on the 
same line you will find 500 gallons, under the word gallons. Now from 
561.6 subtract 520. remains 41.6 gallons, to find the other number. 

3rd. Look in the table for 41 .6 gallons, under 4 per cent, over 
proof, and on the same line you will find 40 gallons^ under the word 
gallons. 
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Qallona. Gallons. 

Then 500 at 4 per cent, over proof are =520 at proofs 

And 40 at 4 per cent, over proof are = 41.6atproof9 
Total ^0 at 4 per cent, over proof are=s561.6 at proof, as before 

likewise 500 at 8 per cent, over proof ares540 at proof. 
And 20 at 8 per cent, over proof are= 21.6 at proof. 

Total 520 at 8 per cent, over proof ares 561. 6 as before, 

which proves the work right, therefore any similar question may be 
solved by the table with ease and exactness. 

EXAMPLE SEVENTH. 

Reduce 540 gallons at 4 per cent, over proof to 8 per cent, over 
' proof. 

Streng^ required. Given quantity. Given strength. Quantity required. 
As 108 540 :: 104 520 the answer. 

Or thus, 540-»-108=:5 x4 (the difference of the per centage)=:20. 

Then, 540—20=520 gallons, answer as before. 

EXAMPLE EIGHTH. 

Reduce 60 gallons of spiriu at 28| per cent, under proof to 7 per 
cent, over proof. 

Required Given Given Quantity 

strength. quantity. strength. required. 

As 107 60 :: 100-281=71.34 40 answer. 

I 

Or thus, $0x2= 120-f-3=40 gallons, answer as before. i 



Strength 

required 

on A. 

As 107 



BY 


THE 


SLIDING 


RULE. 






Given 

^quantity 

on B. 

60 


» • 


Given 

on A. 
71.34 


Quantity 

required 

on B. 

40 answer, 


as 


before. 
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BXAMPLB NINTH. 

How many gallons of spirits at 40 per cent, under proof may I 
baYe in exchange for 15 gallons of spirits at 40 per cent, over proof? 

Strength Quantity Strength Quantity 

required. given. given. required. 

As 100-40=>60 : 15 :: 140 35 gallons, answer. 

BT THB SLIDIRO RULB. 

Strength Given Given Quantity 

required quantity strength required 

on A. on B^ on A. on B. 

As 60 15 140 35 gallons, answer as before. 

BXAMPLB TBNTH. 

A distiller has 35 gallons of spirits, which run off at 40 per cent« 
under proof, and he wishes to distil it over again, to raise the strength 
to 40 per cent, over proof; how many gallons of spirits will run off at 
the desired strength, and how much water will remain in the still?, 

Strength Given Given 

required. quantity. strength. 

Asl00+40=sl40 : 35 100-40=60 : 15 answer. 

BY THB SLtDINO Rt7LB« 
On A. On B. On A. On B. 

As 140 35 ;: 60 : 15 gallons, answer as bef(»«. 

BY TABLB FIRST. 

Look in the table for 35 gallons, and on the same line, under 40 
per cent, under proof, you will find 21 gallons at proof. 

2od. Look in the table for 21 gallons at proof, under 40 per 
cent, over proof, and on the same line you will have 15 gallons at 40 
per cent, over proof, under the word gallons. Answer as before. 

This is the reverse of the former question, which proves the work 
to be right; and 15 gallons ta|c^ from 35 gallons, leaves 20 gallons 
of water in the still. 



OF ALLIGATION. 



When it is required to mix several sorts of ingredients together, 
tis differeQt sorts of spirits, wine, beer, com, spices, grocery, metals, 
ores, or to compound medicines, &c., the method of compounding such 
tnixtures is called the Rule of Alligation. 

Alligation is either Medial or Alternate. 



ALLIGATION MEDIAL 

Is when the price, or strength, and quantities of several simples 
are given to be mixed, to 6nd the- mean price or strength of that 
mixture. 

RULB. 

Multiply each quantity by its price or strength, then say, as the 
whole composition is to its total value, so is any part of the composition 
to the mean price or strength of that part. 

PROOF. 

Find the value of the whole mixture at the mean rate, and if it 
agrees with the total value of the several quantities, at their respective 
prices or strength, the work is right. 



ALLIGATION. Q| 

BXAMPLB FIRST. 

Suppose I mix 25 gallons of spirits at 16 per cent under proof 
with 15 gallons of proof spirits, what strength will the 40 gallons com- 
pound be? 

First, 100—16=84, the strength of the 25 gallons. 

25 X 84=2100 
15x100=1500 



As 40 : 3600 : : 1 : 90 degrees, answer. 
And, 100—90=10 degrees, or 10 per cent, under proof. 



BY TABLB FIRST. 

RuLB. Collect in one sum the quantity of proof spirits contained 
in the several or different quantities, then look in the table for the whole 
quantity of the compound, and on the same line where you find the 
whole quantity of proof spirits contained in the compound, whether 
it be over or under proof, is the mean price or strength required. 

BY TABLB FIRST. 

Look in the table for 25 gallons, and on the same line, under 16 
percent, under proof, you will find 21 gallons at proof, to add to the 
15 gallons at proof, which makes a total of 36 gallons at proof in the 
whole compound. 

2nd. Look for the 40 gallons compound, and on the same line 
you will find 36 gallons at proof, under 10 per cent, under proof, which 
if the strength required, as before. 

BXAMPLB SECOND. 

Suppose 15 gallons of rum at 40 per cent, over proof to be 
made into 35 gallons of shrub, what strength will the said shrub be? 

15x140=2100 
20 X 0= 



As 35 2100 :: 1 : 60 degrees of strength. 

Then, 100—60=40 per cent, under proof, the strength required. 



6Br ALIilGATION. 

BY THB SLIDING RULE. 

On A. OnB. On A. OnB. 

Asl 15 :: 140 2100 

And, as 1 ; 20 ; : : 

Then, as 35 . 2100 :: 1 : 60 deg. 

OnB. On A. OnB. On A. 

Gallons Strong;th Gallons Mean rate. 

On A. On B. On A. On B. 

Or, as 35 : 140 : : 15 : 60 degrees, as before. 
Then, 100—60=40 per cent. U. ?•» answer, the strength required. 

EXAMPLB THIRD. 

Suppose I mix 200 gallons of rum from three different sorts, viz. 
26 gallons at 15 percent, under proof, 40 gallons at 5 per cent: under 
proof, and 140 gallons at 30 per cent, over proof, what will the mean 
strength of the compound be ? 

20 X 85= 1700 

40 X 95= 3800 

140x130=18200 



As 200 23700 1 : l]8.5=the mean strength required. 

Then, 118.5—100 (or proof) =18.5 degrees, or equal parts of 
a 100, or 18.5 per cent over proof. 

BY TABLE FIRST. 

Now by the rule in this case you have 200 gallons, the compound 
or mixture, and 237 gallons at proof in the said quantity, therefore, as 
the latter (the quantity of proof spirits) exceeds the former number, 
». e» the 200 gallons, it indicates the strength to be over proof; but 
should the former number exceed the latter number, the strength would 
be under proof. Look in the table for 200 gallons, and on the same line, 
under 18 and 19 per cent, over proof, you will find 236 and 238, half 
their sum is 237 gallons at proof, and half the sum of the 18 and 19 
per cent, at the top of the table is 18.5 per cent, over proof, the strength 
as before. 
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BXAMPLB FOURTH. 

Suppose I mix 149.065 gallons of spiriu at 25 per cent, over 
proof with 105 gallons of water, what strength will the compoand or 
mixture be ? 

149.065 X 1 25 := 1 8633. 125 
105 water x 0= 



A8 254.065 : 18633.125 :: 1 : 73.3399 mean rate. 

And, 100-73.3399=26.6601 per cent., or 1 in 3} underproof, 
the strength required. 

Factor ia 
table first. 

Now, 149.065 X 1.25=186.33125 gallons at proof 
And, 186.331 - 149.065=37.266 gallons of water 
required to reduce the over proof to proof. 

Then, from 105 gallons of water 
Subtract the 37.266 gallons of water required to reduce it to proof. 

Remains 67*734 gallons of water, 

required to reduce the quantity at proof to 1 in 3f , or 26.66 per cent, 
under proof. 

And if 186.33125^-67734=2.75 gaUons at proof, and when 
you add the one gallon of water to it, their sum will be part of theLcom* 
pound at 1 in 3f , or 26.66 under proof. 

EXAMPLE FIFTH. 

Suppose I mix 186.33 gallons of spirits at proof with 105 gaU 
Ions of water, what strength will the mixture be? 

186.33x100=18633 
105 X 0= 

Degrees per cent. 



As 291.33 : 18633 :: 1 : 63.958= mean rate. 
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And 100—63.958=36.042 per cent, under proof, the strength 
required. 

And if 186.33-H 105=: 1.774+ 1=:2.774, therefore the strength 
is 1 in 2.774, or 36^042 \ier cent, under proof. 

BXAMPLB SIXTH. 

Suppose a vintner mixes 20 gallons of port at 5s. 4d. per gallon, 
15 gallons of white wine at 58 per gallon, 30 gallons of Lisbon at Gs. 
per gallon, and 25 gallons of Mountain at 4s. 6d. per gallon, what is 
the worth of one gallon of this mixture? 

20x64=1280 
15x60= 900 
30x72=2i60 
25x54=1350 



As 90 : 5690 :: 1 : 5s. 3d. I Answer. 

EXAMPLE SEVENTH. 

A farmer mixed 20 bushels of wheat at 5s. per bushel, and 30 
bushels of rye at 3s. per bushel, with 40 bushels of barley at 28. per 
bushel, what is the worth of a bushel of this mixture 1 

20x5=100 
30x3= 90 
40x2= 80 

As 90 : 270 :: 1 : 3s. Answer. 

EXAMPLE EIGHTH. 

A maltster mixes 35 quarters of brown malt at 28s per quarter 
with 40 quarters of pale at 30s. per quarter, and 20 quarters of high- 
dried malt at 25s. per quarter, what is one quarter of the mixture worth ? 

35x28= 980 
40x30=1200 
20x25= 500 

As 95 : 2680 :: 1 : £1. 8». 2^r/. ^ Answer. 



ALLIGATION. 65 

EXAMPLE NINTH. 

A grocer mixed 5 cwt. of sugar at 56*. per cwt. with 6 cwt at 
42s. per cwt., and 4 cwt. at 3^8. per cwt, what is the value of 2 cwt. 
of this mixture? 

5x56=280 
6x42=252 
4x35=140 



As 15 : 672 : : 2 : £4. 9s. 7d. jf Answer. 

EXAMPLE TENTH. 

A refiner melts 6 lbs. of silver bullion of 8 oz. fine with 10 lbs. 
of 6 oz. fine, and 5 lbs. of 7 oz. fine ; required the fineness of 1 lb. of 
that mixture ? 

6x8=48 

10x6=60 

5 X 7=35 



As 21 : 143 i: 1 : 6 oz. 16 dwt. 4 grs. ^ Answer* 



EXAMPLE ELEVENTH. 

A druggist mixes 48 lbs. of drugs at 8s. per lb. with 32 lbs. of 
drugs at 5s. per lb., and 32 lbs of ditto at 4s. per lb., what will 1 lb. of 
is mixture be worth ? 

48x8=384 

32x5=160 Then, as 112 lbs. : 672s. :: lib. :6s. Answer. 

32x4=128 



112x6=678 

EXAMPLE TWELFTH. 

Stj(>pose a Mining Company sold a quantity of copper ores, viz. 
^ tons of the best, which ran 1 dwt. fine per oz., with 10 tons of itm 
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second^ at 22gr8. fine per oz., and 20 tons of the third, at ISgrs. fine 
per ot., what is the average produce of 1 oz. of the 35 tons mixture ? 



Tons. 
5 


> 

X 


Gn. 
24 


= 


G«. 
120 


10 


X 


22 


sz 


220 


20 


X 


18 


= 


360 


)35 




• 
• 




700 :: 



Ton. Gn. 
1 : 20 Answer, the average produce, or 

the mean rate ; but the average produce of an equal quantity of the 
aforesaid ores would be thus, 24+22 + 18=64-1-3=21 ^ grs. 



ALUGATION ALTERNATE 

Is when the prices or strengths of several ingredients are given to 
find what quantities should be mixed to be worth a given price or 
strength. 

RULB. 

1st. Place the given prices or strengths one under another, and 
the proposed price or mean rate on the leflb. 

2nd. Link every less price or strength than the mean rate with 
one greater than the mean, and place against each price or strength 
the difierence between that with which it is linked and the mean rate ; 
the numbers so obtained will be the quantities required. This is the re« 
verse of Alligation Medial, and may be proved thereby. 

EXAMPLE FIRST. 

A brandy dealer would mix French brandy at proof with the same 
at 16 per cent, under proof; what quantity of each must he take to 
make the mixture at 10 per cent, under proof? 

Answer. Proof. 

MeanrateM l^Oor proof ........ ^ 6x100=600 



iu.p.j 



84=16 per cent. U. P. j 10 x 84=840 



16 )1440(90 mean rate. 

144 



...Q 

And 100—90=10 per cent, under proof, the mean strength. 
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Therefore he must take in the proportion of 6 gallons at proof to 
10 gallons at 16 per cent, under proof. 

A^ote— Questions in this rule admit of great variety of answers, 
according to the mode of linking them. 

BY TABLE FIRST. 

When spirits of two different strengths are mixed together, to find 
the proportion for hny mean strength. 

RUL8. 

The number on the same line as 100, &c., tinder the per centage 
<of (he superior strength, exceeds the number on the same line, under 
the per centage of the mean strength, by the quantity of the inferior 
strength ; and the number on the same line, under the per centage of 
the mean strength, exceeds the number under the per centage of the 
inferior strength by the quantity of the superior strength. 



When spirits and water are mixed together, to find the propon- 
ir anv mean strength. 



Cion for any mean strength 



RULE. 



The number on the same line as 100, &c., under the per centage 
of the mean strength, is the quantity of spirits ; and the number on the 
same line, under the per centage of the spirits mixed, exceeds the num.. 
ber on the same line, under the per centage of the mean strength, by 
the quantity of water. 

BY TABIE FIRST. 

Look for 100, under gallons at proof, and that number exceeds 
the 90 gallons, the number on the same line under 10 per cent, under 
proof, the mean strength, by 10 gallons, the inferior quantity ; and the 
20 ^lions jon tbe same line, under 10 per cent, under proof, the m^a» 
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strength, exceeds the 84 gallons, under 16 per cent, under proof, the 
inferior strength, by 6 gallons, the superior quantity. Answer as before. 

Note — Any numbers will answer, as well as 1, IQ, 100, &c. for 
any similar question. 

EXAMPLE SECOND. 

A brandy dealer would mix spirits at 40 per cent, over proof 
with water, what quantity of each must he take to make the mixture at 
'40 per cent, under proof? 

ADBwer. 

M f fiO ^^^ > 60 at 40 per cent, over proof. 

water 3 80 of water. 

BY TABLE FIRST. 

Look on the same line as 100, under 40 per cent, under proof, 
the mean strength, and you will find 60 gallons, the quantity of spirits; 
and on the same line, under 40 per cent, over proof, you will find 140 
gallons, which exceeds the 60 gallons under the 40 per cent, under 
proof, the mean strength, by 80 gallons, the quantity of water. Answer 
as before. 

EXAMPLE THIRD. 

A brandy dealer would mix spirits at 30 per cent, over proof with 
some at 5 per cent, under proof, and 15 per cent, under proof; what 
quantity of each must he take to make the mixture at 18.5 per cent, 
over proof? 

Answer. 

130.0 > ^ 33.5+23.5=57 
Mean rate 118.5 95.0 3 > 11.5 

85.0 ) 11.5 

Factors. Proved. 

1.3 x57. =74.1 1 
.95 X 11.5=10.925 > gallons at proof. 
.85x11.5= 9.775 I 

Total 80. =94.8 

And 1.185x80. =94.8 gallons at proof. 
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BXAMPLB FOURTH. 



A farmer would mix as much barley at 38. 6d. per bushel, rye at 
48. per bushel, and oats at 2s. per bushel, as would make a mixture 
Worth 28. 6d. per bushel ; how much must he take of each sort? 



d. Answer, d. Proof. 

42 1 6 of 42=252 

Mean rate 30 48 ^ ^ 6 of 48=288 

24 5 ) 12 + 18=30 of 24=720 

42 42)1260(30=2 6 

BXAMPLB FIFTH. 

A vintner would mix four sorts of wine together of 20d., 22d., 
26d. and 30d. per quart, what quantity of each sort must he have to 
sell the mixture at 24d. per quart? 

d. Answer, d. Proof. 

20 > 2 of 20= 40 
itf • O.I 22> >6 of 22=132 

Meanrate24 2gfr ^^26=104 

30 > 2 of 30= 60 

14 ]4)336(24d. 

28 

"^6 
56 



ALUGATION PARTIAL 

Is when the prices or strengths of all the simples, the quantity of 
but one of them, and the mean rate, are given to find the quantities of 
all the rest in proportion to that given. 

This is called Alligation Partial^ because apart of the mixture * 

only is given. 

Fa 



fO ALliIOATIOM*. 



RULE. 



Link the prices or strengthfl and place the differences as m ihe.last 
tu\e* Then, as the difference opposite to that whose quantity is given 
is to each other difference^ so is the quantity given to each quantity 
i^equired. 



BXAMPLB F^RSt. 

If a brandy dealer would mix 20 gallons of spifits^ at 10 per cent. 
Over proof, with spirits at 20 per cent, under proof, and spirits at 30^ 
per cent, under proof, how many gallons of each sort must he take tfy 
Ineke a mixture at the strength of 15 per cent, under proof? 

no >•) 15+5=20 As 20 : 25 :: 20 : 25 
Mean rate 85 80 5 > 25 

70 3 * 25 As 20 : 25 :: 20 : 2d 

Proof. 

20 at 110=2200 
25 at 80=2000 
25 at 70=1750 



As 70 5950 : : 1 : 85 mean strength. 

And 100—85=15 per cent, under proof, the strength required. 

Factors. Proved. 

20. X 1.1 = 22. 1 

25. X .8 = 20. ^ gallons at proof. 

25. X .7 = I7.5J 



70. X .85 = 59.5 gallons at proof. 

the same pto^^ by table first. 

Look in the table for 20 gallons, and on the same line, under 10^ 
per cent, over proof, you will find 22 gallons at proof, likewise look for 
25 gallons, and on the same line, under 20 per cent, under proof, you 
tirill have 20 gallons at proof; and look for 25 gallons, and under 30 
(>er cent, under proof you will have 17*5 gallons at proof, which makes 
a total of 59.5 gallons in the different quantities ; then look for 70 gal« 
Ions, the compound, and on the same line, under 15 percent, under 
|)fooO the mean strength, you will have 59.5 gallons at proof, a» befof^*. 
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EXAMPLE SECOND. 

How much spirits at ] to 4 or 25 per cent, over proof will be 
necessary to mix with 105 gallons of water to reduce it to 1 in 3f or 
26.66 per cent, under proof! 

Mean rate. 

100-26.66=73.34 ^'fK!?! ^"""'^ °^*"*'' 

125 J 73.34 gallons at 25 per cent, over proof. 

BY THE RULE. 

Water. Water. Gallons. 

Then, as5L66 : 73.34 :: 105 : 149.065 Answer required. 

Proved by rule 2nd9 p. 50. 

Here^ 149.065 gallons of spirits at 1 to 4, or 25 per cent, over proof. 
105.= gallons of water. 

Total 254.065 quantity at 1 in 3|, or 26.66 per cent, under proof. 

Factor .7334 

And 149.065 gallons, 1 to 4, &c. 

1016260 1.25 

762195 

762195 745325 

1778455 1788780 



186.3312710 gallons at proof. 186.33125 gallons at proof. 

See this question proved by example 4, p. 63. 

EXAMPLE THIRD. 

How much spirits at proof will be necess&ry to mix with 10 
gallons of water to reduce the strength to 25 per cent, under proof? 

Water | 25 gallons of water. 



ter 1 

I = proof J 



100=proof J 75 gallons at proof. 
Then by the rule, as 25 : 75 :: Ifi : 30 gallons. Answer. 

BY TABLE FIRST. 

Note — ^When proof spirits are mixed with water, the quantity 
of proof spirits ij always less than the compound by the quantity of 
water mixed with it. 



72 ALLIQATIOX. 

« 

Here, look in table first for any quantity under 25 per cenl. 
tinder proof, that is 10 gallons less than the number on the same liney 
under the word gallons, and you will find 30 gallons^ the adswer as 
before, which is 10 gallons less than the 40 gallons on the same line, 
under the word gallons. The same rule will solve any similar question. 

£XAMplb fourth. 

What quantity of water is requisite to mix with 50 gallons of i^pi- 
tits at 4 per cent, under proof, to reduce the strength to 20 per cent, 
under proof? 

100-20=80 ^;f'l JJ 

Water. Quantity given. 

As 80 : 16 :! 50 : 10 gallons. Answef. 

BY TABLE FIRST. 

Look in the table for 50 gallons, and on the same line, urtder 
4 per cent, under proof, you will have 48 gallons at proof, then look 
under 20 per cent, under proof for 48 gallons at proof, and on the 
same line, under the word gallons, you will have 60 gallons, the com- 
pound, which exceeds the 50 by 10 gallons^ the tj^uantity of Water 
required as before. 

EXAMPLE F1FTE<. 

What quantity of spirits at 20 per cent, over proof must be mixed 
With 20 gallons at 15 per cent, under proof, to raise the strength to 8 
per cent, under proof? 

inn ft— QQ ^^ 1 ^^ gallons at 15 per cent, under proof. 
lUU— »— y^ 120 J 7 gallons at 20 per cent, over proof. 

Then, As 28 : 7 -' 20 : 5 gallons. Answer* 



Factors. Proved. 

20 X .85 .== 
5x1.2 t= 



rruveu. 

17.001 

6.0 f 



The coin|>ouiid 25 gallons =s 23.00 gallons at ijuroof. 
And 25 X .92 s 23.00 gallons at proof. 
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ffole — It should always be obserted, that when spirits over proof 
lire compounded with spirits under proof» or with water, that the same 
qaaDtitj of the water so mixed as there is over proof spirits in any 
quantity so compounded, will be included and accounted for in th6 
quaotity of proof spirits ccmtained in the quantity so compounded. 

BY TABLE FIRST. 

Look in table first for 20 gallons, and on the same line, under !& 
per cent, under proof, you will have 17 gallons at proof, that subtracted 
from the 20 gallons, the compound, leaves 3 gallons of water contained 
in the said 20 gallons. Then look in the table, under 8 per cent, under 
proof, for a quantity of proof spirits that exceeds the 17 gallons as 
much as the quantity required, and the quantity of water included in 
the proof spirits,* and on the same line, under the word gallons, you 
will find that number exceeds 20 gallons as much as the quantity re- 
quired ; here, 23 gallons at proof, under 8 per cent, under proof, exceed 
^7 by 6 gallons, and on the same line you will find 25 gallons, the whole 
compound, which exceed 20 gallons by 5 gallons, the quantity required 
as before ; and that 5 gallons at 20 per cent, over proof take 1 gallon 
of the water to reduce it to proof, which makes it 6 gallons at proof; 
and the 17 gallons before make the 23 gallons at proof in 25 gallons 
at 8 per cent, under proof. By the same method anji similar question 
may be solved. 

EXAMPLE SIXTH* 

What quantity of proof spirits must be mixed with 10 gallons of 
spirits at 30 per cent, underproof, to raise the strength to 10 per cent. 
under proof? 

inn in-on ^^- 1 ^^ ^^ P*'^^^- 

luu- lu- w y^ J 10 at 30 per cent, under proof. 
As 10 : 20 10 : 20 gallons. Answer required. 

BY TABLE FIRST. 

Look in the table for 10 gallons, and on the same line, under 30 
per cent, under proof, you will have 7 gallons at proof, and the 10 gal- 

* Or the qaantity of oTer proof contained in the quantity required. 
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Ions compound exceed the 7 galloiM at proof by 3 gallons^ the quantity 
of water in it ; then from the number of gallons on the same line, under 
the 10 per cent, under proof, which exceeds the quantity of proof spi- 
rits by 3 gaikms, the water in it, subtract the 10 gallons given^ and 
there remains the quantity of proof spirits required. Here, on the same 
line, under 10 per cent, under proof, 30 gallons exceed 27 gallons at 
proof, under the 10 per cent, under proof, by 3 gallons, the quantity of 
water in it; and the 10 gallons subtracted from the 30 gallons, the whole 
compound^ and there remain 20 gallons at proofs the quantity required^ 
as before. 

BY TABLE SECOND. 

Rule* Multiply the quantity given by the proper factor in the 
table, and the product will be the quantity required at proof. 

Here, 10 gallons at 30 per cent, under proof, the quantity given. 
2. the proper factor for that strength. 

20. gallons at proof. Answer required as before. 

EXAMPLE SEVENTH. 

A distiller would mix 30 gallons of French brandy at 12s. per 
gallon with British at 7s., and spirits at 4s. per gallon ; what quantity 
of each sort must he take to afford it at 8s. per gallon ? 



12^ ^ 4 + 1=5 As 5 
Mean rate 8 73 > 4 As 5 


: 4 


:: 30 ! 


24 


: 4 


:: 30 : 


24 


4 ) 4 








Gallons. Proof. 








30 X 12 = 360 








24 X 7 = 168 








24 X 4 = 96 









78 X 8 = 624 
Then, As 78 : 624 : : 1 : 8s. Mean rate. 

EXAMPLE EIGHTH. 

tf a Mining Company sell 50 tons of copper or lead ores (troy 
l^eight) of three different sortS; the best at 60 grains fine per ounce, 
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(}iei second at 36 grains fine per ounce, and Che third at I dwt. or 24 
^ios fine per ounce, supposing they had 30 tons of the best, how 
many tons of each sort must they weigh to complete the 50 tons, and 
to average the whole at 2 dwts. or 46 grains fine per ounce, and how 
maoy tons fine would it produce ? 

244-12»36 AsSC : 12 :: 30 : 10 
12 
12 As 36 : 12 :: 30 : 10 



60>^ 
Mean rate 48 3«> > 








24 ) 








Proof. 


30 


X 


60 


=^ 1800 


10 


X 


36 


= 360 


1 ■• 


X 


24 


= 240 



Ton. 

As 50 tons 2400 : : 1 : 48 grs. or 2 dwts. the average produce. 

Fine. Droas or Waste. 

Here, 60 grains per ounce are=12.5 per cent. or=s87.5 per cent. U. P. 

36 grains per ounce are= 7*5 per cent. or=92.5 per cent. U. P. 

24 grains per ounce are =3 5. per cent, or =95. per cent. U. P. 

48 grains per ounce are=: 10. per cent. or=90. per cent. U. P. 

THE WORK AT LENGTH. 

Here, 48 grains in an ounce. 
12 



576 SB grains in a pound. 
I00=pounds. 



57600=graifts in 100 lbs. or 1 cwt. 
20=cwt. 



11 52000 =s grains in a ton. 
50 =3 tons. 

Qrs. in a ton. 

11520000)57600000(5 tons fine. Answer. 
57600000 



Or thus, mean rate^ ^ ^ i ^f g^^ ^^ ^^^j 

Grains m an ounce «) lo r 

Then -j^of^tons=T5-=5 tons Answer^ as before. 
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BY TABLE FIRST. 

Tons. Factors. Tons. 

30 X .125 = 3.75 
10 X .075 = .75 
10 X .05 s .50 



ToUl50 X .1 = 5.00 tons. Answef. 



ALLIGATION TOTAL 



ts when the price or strength of each simple, the quantity to be 
compounded, and the mean rate are given, to find how much of each 
sort will make that quantity. 



RULE. 



Link the prices or strengths, and place the differences as before. 
theU) as the sum of the differences* is to each particular difference, so 
is the quantity given to each quantity required. 



EXAMPLE FIRST. 



A brandy dealer has three sorts of spirits, viz. 25 per cent, over 
proof, at 10s. 5d. 'per gallon^ 10 per cent, over proof, at 9s* 2d. per 
gallon, 20 per cent, under proof, at 6s. 8d. per gallon, and with water 
would make a composition of 310 gallons at proof, worth 8s. 4d. per 
gallon, what quantity of each must he take ? 

125 "^ 100 at 25 per cent, over proof. 

Mean rate 100 * JJ i > ?J *! o2 ^' "^"l' **T ^'^\ 

80 J i 10 at 20 per cent, under proof. 

Water J 25 gallons of water. 
Sum 155 gallons. 

* Or as the snm of the different ingredients of medicine is to each particular 
ingredient, so is the quantity given to each quantity required. 



Or thus, 1251 
Mean rate 100 ^ 
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20 at 25 per cent, over proof. 

25 at 20 per cent, under proof. 
100 at 10 per cent, over proof. 

Water j 10 gallons of water. 
Sum 155 gallons. 

Absww. 
Then, As 155 : 100 :: 310 : 200 gallpns at 25 per cent, over proof. 

As 155 : 20 :: 310 ; 40 gallons at 10 per cent, over proof. 

As 155 : 10 :: 310 : 20 gallons at 20 per cent, under proof. 

As 155 : 25 :: 310 : 50 gallons of water. 

Total 310 

Answer. 

Or, As 155 : 20 :: 310 : 40 at 25 per cent, over proof. 
As 155 : 25 :: 310 : 50 at 20 per cent, under proof. 
As 155 : 100 :: 310 : 200 at 10 per cent, over proof. 
As 155 : 10 :: 310 : 20 of water. 



« k V 



Or 



Total 310 

Factors. Proved. Factors. Proyed. 

,200x1.25=250.^ „ Or, 40x1.25= 50.^ „ 

40x1.1 = 44.1 ^*"f°* 50 X .8 = 40. [ Srallons 

20 X .8 = 16. r f 200x1.1 =220. f % 

50x = Oj P"^^^*^" 20x 0^^ oj P'^^f- 

Total 310 x 1. =310. Total 310x1. =310. 

Or by the same rule, thus : — 

Strength. d. 

From the mean price or strength, , . . Proof= 100 at 100 

Subtract the water, = = 



Remain 100 galls. 100 galls. 
at 25 per cent over proof. 

Strength. d. 

From the mean price or strength 100 at 100 

Subtract the 20 per cent, under proof. 80 at 80 

Remain 20 galls. 20 galls, 
at 10 per cent, over proof. 
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Strength. ef. 

From the 10 per ceat. over proof, 110 at 110 

Subtract the mean price or strength, 100 at 100 

Remain 10 galls. 10 gaJls, 
et 20 per cent, under proof. 

Strength. d. 

From the 25 per cent, over proof, 125 at 125 

Subtract the mean rate, 100 at 100 



Remain 25 galls. 25 galls, 
of water. 

Streng^. d. 

Or from the mean price or strength^ 100 at 100 

Subtract the 20 per cent, under proof, 80 at 80 

Remain 20 galls. 20 galls. 
At 25 per cent, orer proof. 

Strength. d. 

Prom the mean rate, 100 at 100 

Subtract the water, .., 

Remain 100 galls. 100 galls. 
at 10 per cent, over proof. 

Strength. d. 

From the 25 per cent, over proof, 125 at 125 

Subtract the mean rate, 100 at 100 

Remains 25 galls. 25 galls, 
at 20 per cent, under proof. 

Strength. d. 

From the 10 per cent, over proof, 110 at 110 

Subtract the meaji rate, 100 at 100 

Remain 10 galls. 10 galls. 
of water as before, by linking the different strengths. 

Gallons. 
200 at 25 per cent, over proof. 

40 at 10 per cent, over proof. 

As 155 : 10 : : 310 : 20 at 20 per cent, under proof. 

As 155 : 25 :: 310 



Then, As 155 : 100 :: 310 
As 155 : 20 :: 310 



50 gallons of water. 
Total 310 
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Or, As 155 
As 155 
As 155 
As 155 



20 

100 

25 

10 









310 
310 
310 
310 



40 at 25 per cenU over proof. 
200 at 10 per cent, over proof. 
50 at 20 per cent, under proof. 
20 of water. 



Total 310 



PROOF. 



d. 

200x125=25000 
40x110= 4400 
20 X 80= 1600 
50x 0= 



As 310 



d. 



Gallons, d. 
Or, 40x125: 

200x110: 

50 X 80: 
20x 0: 



: 5000 

22000 

: 4000 





31000 :: 1 ; 100. As 310 

88. 4d. the mean price. 



d. 



31000 :: 1 : 100= 



£XAMPtB SECOND. 

A distiller has two sorts of spirits, proof at 16s. per gallon, 4^ per 
cent, underproof at lis. 6d. per gallon, and would make a composition 
of 90 gallons at 1^ per cent, under proof worth 14s. 6d. per gallon; I 
desire to know what quantity of each must he take? 

Mean rate. 

s'd.oj 1.5 gallons at 4.5 per cent, under proof. 
Sum 4.5 



s, t. 

^ ^ ^1 1^ 1 3 gallons at 16s. per gallon. 

Or, mean rate 14J „ , > , , „ / , , « , 

" llj^j If gallons at Us. 6d. per g\ 



gallon, as before. 



Sum 4^ 



Hence it is obvious that he must take for any quantity, in whole 
numbers, 2 gallons at proof, and 1 gallon at 4^ per cent, under proof. 
Now 2-f 1=3 gallons, the sum of the differences in whole gallons. 



Then, As 4j- 
As 4 



3 

1* 






90 ; 60 gallons at proof. 

90 : 30 gallons at 4j| per cent. U. P. 

Total 90 
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Or, As 3 : 2 : : 90 : 60 gallons at IGs. per gallon. 
As 3 ; 1 :: 90 : 30 gallons at lis. 6d. per gallon. 

Total 90 gallons at 1^ per cent, under proof* 

PROVED BY TABLE FIRST. 

60 gallons at proof are =60. 1 

30 at 4.5 per cent, under proof are. . =28.65 J ^*"®' ** P*"^^^ 

Total 90 galls, at 1,5 per cent, under proof =88.65 at proof. 

ft. d. s. £. 8. d. 

Again, 60x16 0= 960=48 
30x11 6= 345=17 5 



90x14 6=1305=65 5 
Then, As 90 : 13058. : : 1 : 14s. 6d. the mean price. 

And 60x100 =6000 
30x95.5=2865 

_^ Degrees. 

As 90 ; 8865 : : 1 : 98.5 the mean strength. 
And 100—98.5 degree8=1.5 per cent, under proof. 

BXAMPLB THIRD. 

A wine merchant has four sorts of wine, white wine at 4s. per 
gallon, Flemish at 6s. per gallon, Malaga at 8s. per gallon, and Canary 
at 9s. per gallon, and would make a mixture of 88 gallons to be worth 
5s. per gallon ; what quantity of eaph must he take ? 

Ans. s. 
1 8 at 9= 72 As 11 : 1 :: 88 : 8 
1 8 at 8= 64 

1 8 at 6= 48 As 11 : 8 :: 88 : 64 
l+3-f4=8 64 at 4=256 

11 88 at 5=^440 
And, As 88 : 440 :: 1 : 5 the mean rate. 
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BXAMPLB FOURTH, 



A tobacconist mixed tobacco at 20d. per lb., at 18d. per lb., and 
I4d. per Ib^ and would make a mixture of 601b. worth 16d. per lb.; 
what quantity must there be of each ? 



20 

16 18 

14 



il 



i^iiswsr d 

2 12 at 20=240 As 10 : 2 :: 60 : 12 
2 12 at 18=216 As 10 : 6 :: 60 : 36 
4*2 = 6 36 at 14=504 



10 60 at 16=960 -i- 60 = 16d. Mean rate* 



EXAMPLB FIFTH. 



A grocer has three sorts of sugar, viz. 1 2d., lOd., and 4d. per lb., 
And would make a composition of 1401b. worth 9d. per lb. 1 desire to 
know what quantity of each he must have. 



9 



12 
10 



I 



43 >l+3=: 



Answer, d. 
5= 50 at 12= 600 

5=50 at 10= 500 

4=40 at 4= 160 



14 140 at 9=1260 
And, As 140 : 1260d. :: 1 



As 14 

As 14 



5 

4 









140 
140 



50 
40 



9d. the mean price. 



BXAMPLB SIXTH. 



A grocer having four sorts of currants, at lid., 9d., 6d., and '4d. 
per lb., is desirous of making a composition of 1001b. worth 7d. per lb.; 
how much of each must he have? 



7 



Answer^ d. 







30 at 
10 at 
20 at 
40 at 


11=330 As 10 : 3 :: 
9= 90 As 10 : 1 :: 
6=120 As 10 : 2 :: 
4=160 As 10 : 4 :: 


100 : 
100 : 
100 : 
100 : 


: 30 

: 10 

: 20 

40 




10 


100 


)700(7d. Mean rate. 
700 







• • » 
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EXAMPLE SEVENTH. 



A cheesemonger has three sorts of cheese, viz. lid., dd., and 6d. 
per Ib.y and would make a composition of 801b. worth 8d. per lb. ; how 
much of each sort must he take ? 



2 20 at 11=220 As8 : 2 :: 80 : 20 
8 9> 5^ 2 20 at 9=180 As 8 : 4 :: 80 : 40 

:4 40 at 6=240 



11 . 
6 5 )H-3= 



8 80 at 8=640 

And, 80)640(8d. the mean price. 
640 



BICAMPLE EIGHTH. 



A grocer having four sorts of tea^ at 9s., 8s., 6s., and 5s. per lb., 
and would make a composition of 1201bs. worth 7s. per lb., what quan- 
tity must there be of ea^ ? 



M.R.7?}f 



Answer, s, 

9 1 2 40 at 9=360 As 6 : 2 :: 120 : 40 
1 20 at 8=160 As6 : 1 :: 120 : 20 



1 20 at 6=120 

2 40 at 5=200 



6 120 at 7=840 
And, As 120 840s. 1 : 7s. the mean priq^. 

EXAMPLE NINTH. 

A silversmith has four sorts of gold, viz. of 24, 22, 20, and 15 
carats fine, and wishing to make a composition of 63 oz. of 17 carats 
fine, how much of each must he take ? 

An8. 
24 "^ 2 6 at 24= 144 As 21 : 2 :; 63 : 6 

22 1 f 2 6 at 22= 132 As 21 : 15 :: 63 : 45 



M.R.17 201W 2 6 at 20= 120 

15CI 13+5+7=15 45 at 15= 675 



21 63 at 17=1071-^63=17 carats fine, 



the mean rate. 



BXAMPLi TBirra. 

A dniggivi haviag aome drugs %t 9b^ 61.9 and fii* per lb.» makes 
Ihen into two parceb^ <me of 141b8« at ?• per lb., the other, of Sllbs. 
at 8s. per 4b. ; how much of each sort did he take for each parcel ! 

Aiuwer* «• Proved. 
9>) 2 + 1=3 6At9=>54 As? ; 3 :: 14 : 6 

M.IL7 63 > 2 .4at6=M As7 ; 5 :; 14 : 4 

6 > f 4 nt 5=20 

7 14 at 73r^^'^^<^rr7s*4he mean price. 

Answer. «. IVoved. 
9) ) 2+3=5 16 at 9=135 As 7 : 5 :: 21 : 15 

M.R,8 6) S 1 3 at 6= 18 As? : 1 :: 21 : 3 

5 ) 1 3 at 5s^ 15 

7 21 at 8=168-t*21=8s.the mean price. 

A druggist has three sorts of ingredients, vyi. Valerian powder, 
^ grains, rust of steel, 8 grains, rhubarb powder, 3 grainsj, and would 
make a composition of 1240 grains; what quantity of each must he 
<«kc? 

First, 20+8+3=31 grains, the sum of the ingredients. 

Aniwer. 
Then, As 31 : 20 : : 1240 : 800 grains of Valerian powder. 
As31 : 8 :: 1240 : 320 grains of rust of steel. 
As 31 ; 3 :: 1240 : 120 grains of rhubarb powdtf. 

31)1240(40 powders. 
124 

BXAMPLE ,TWai«FTfl. 

A druggist has three sorts of nriedicine, viz. quicksilver pill, 39 
?nuns, compound extract of jcolocjnth^ 30 grains, ipecacuanha powder, 
12 ^ins, and would make a composition of 360 grains ; what quan- 
tity of each must he take ? 

First, 30+30+ 12:;p 72 graiqs, the sum of the medicine. 

Answer, 
^n, As 72 : 30 :.: -300 : 150 grains, the quicksilver pill. 

As 72 : 30 :: '360 : 150 grains, compound extract of colocyntb^ 
As 72 : 12 ::,360 : 60 grains, ipecacuanha powder. 

Jotal 360-1-6=60 pills 

.360-4-60=6 grains in each pjll. 



HYDROSTATIC BALANCE. 



This Balance is an instrument invented for the purpose of deter- 
tnining the specific gravity of bodies. The construction of it is founded 
on a theorem of Archimedes, which shews that a body placed in water 
loses as much of its weight as is equal to that of the volume of the liquid 
displaced by it ; from which it follows, that if we take the weight of 
the body in water from its weight in air, the difference will be the 
weight of a mass of water equal to that part of the solid which is im- 
mersed. This balance, therefore, is of great utility for determining the 
degrees of every kind of alloy, the quality and richness of metals, ores, 
uid minerals, and the proportions of every mixture whatever. Abso- 
lute gravity is so peculiar to a body, that it is always the same, being 
prop<Htioned to the quantity of matter it contains ; but the specific gra- 
vity is the ratio of the weight of two bodies having the same bulk or 
measure — thus, if a piece of cork weighs the hundredth part of a piece 
of steel of the same bulk or measure, we may say that the specific gra- 
vity of coric is to that of steel as one is to a hundred. 

BXAMPLB FIRST. 

Suppose you take a piece of copper and a piece of ivory, each 
weighing W grains in air, but weighing them separately in water, you 
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will find their weights therein to be 53 and 29. Now the deficiencies 
of these weights are 7 and 31 , which numbers are inversely as the spe- 
cific gravities, therefore the ratio or proportion of the weight of copper 
to that of ivory is as 31 to 7; that is, copper is 4 7 times heavier than 
ivory. 

To determine the specific gravity of liquids, take a solid body of 
any form at pleasure* and bring it into equilibrium in the air at the 
arm of the hydrostatic balance, in order to ascertain its absolute gra- 
vity, then immerse it entirely into the several liquids whose speciBc 
gravities are to be determined. Now, from its weight in air subtract 
its weight in water, and the remainder will be as its specific grayity 
inversely ; and thus the ratios or proportions of the specific gravities of 
several liquids may be found. 

In experiments of this kind, the greatest care must be taken that 
the solid and the liquid in which it is immersed do not vary in their den^ 
sities during the operation, for in that case, the result would not be 
accurate. It is on the same principles that areometers, for deternfiining 
the different specific gravities of liquors, are constructed. Whence the 
ratios of the specific gravities of the fluids or liquids are seen. Hence, 
because the densities are as the specific gravities, we find the ratios of 
the densities* of the fluids, &c. at the same time. 

This problem is of the utmost use, as by it the degree of purity 
or goodness of fluids, &c. in easily found; a thing not only serviceable 
in natural philosophy, but also in common life, and in the practice of 
physic. 

BXAMPLB FIRST. 

Suppose you take a piece of lead that weighs in air 455 g^ains^ 
then the satne weighed in spirits of vitriol 406, and in common water 
414 grains, the diminution in the former case is 49, and in the latter 41 
grains ; these numbers are inversely as the specific gravities, hence the 
specific gravity of common water is to the spirits of vitriol as 49 to 41) 
that is 1 1 times as heavy. 

* The density or the thickness of two bodies is in a proportion compounded 
of a direct proportion of their quantities of matter, and a reciprocal proportion of 
their magnitudes. 
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To exempitfy this matter by example. Thus: — 

Suppose A be a body which hath 6 parts of matter, and 5 
degrees of magnitudei and B a body haying 2 parts of matter and 10 
degrees of magnitude, then the density of A will be to the density of 
B as i X ~ =x ^ s ? that A 3 I or as A : B : : 6 : 1. There- 

S 5 10 1 o I 

fore, the body of A's density is 6 times greater than the density of the 
body B ; and since the densities of the bodies of A and B are in a com- 
pound ratio of the quantities of matter directly, and of their magnitude 
reciprocally, it will follow, 

2ndl That their bulks are directly as the quantities of matter 
compounded with the densities reciprocally. 

3rd. That the quantities of matter will be in the compound ratio 
of the bulks into the densities directly^ 

4th. If the bulks are equal, the quantities of matter in two 
bodies, A and B, will be directly as their densities. 

5th. If the densities are equal, their bulks and quantities of mat- 
ter are directly proportional. ' 

6th. If the quantities of matter in each be equal, the bulks will 
be in a reciprocal ratio of their densities. 

The power of determining the specific gravity of bodies fre- 
quently enables us to declare their other qualities, and sometimes to 
detect their conkponent parts, if, as most frequently happens, they are 
found of heterogeneous materials. 

Thus spirits in every form and Mnder every variety in which they 
are used, in commerce and domestic economy, are a mixture of alcohol 
with other bodies, of which water is the principal. 

As the value of the liquid depends upon the proportion of the 
pure alcohol which it contains, it becomes a problem of great practical 
importance to determine this. 

In like manner the precioud metals, whether applied to useful or 
ornamental purposes, are generally mixed with others of a baser spe- 
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cies, in a greater or a less proportH)n. These cheaper elements^ whicb 
enter into the composition of what is received for gold or silver, are 
called alloys; and it is obvious, that before the vakMTof any article 
formed of such a material can be determined, it is necessary to find the 
exact proportion of alloy which k contains* 

These considerations suggest a class of problems respecting the 
specific gravities of compound bodies and their constituent elements, 
the solution of which is of great practical importance. 

This solution, however, depends not entirely upon mechanical 
principles, as I shall presently explain ; and even so far as it does de- 
pend on such principles, many previous conditions are necessary to ren^ 
der such problems determinate. 

If two bodies, whose specific gravities are known, be mixed in 
a given proportion, iand in their union no other effect be produced than 
the transfusion of the particles of each through and among those of the 
other, the specific gravity of the compound is a matter of easy compu- 
tation. The general principle for the solution of such a problem will 
he collected without difficulty from an example. 

EXAMPLE FIRST. 

Let gold and copper be united in the proportion of 30 measures 
of gold to 5 of copper, the specific gravity of the gold is 19.257^ and 
that of the copper 8.830, the specific gravity of rain water being 1.000^ 

Hence the calculation may be made as follows, the denomina-i 
tion of the weight usod being immaterial, providing it be the samcr 
throughout the whole investigation. 

Otifice^ atld d^imat 
parts^ Avoirdapoid. 

Weight of a cubic inch of distilled water, 0.577 

Weight of a cubic inch of gold, 11.1728 

Weight of a cubic inch of copper, 5.071 1 

Weight of 30 cubic inches of gold, 335.184 

Weight of 5 cubic inches of copper, 25.3555 

Weight of 35 cubic inches of the compouiid, 360.5395 

Weight of 1 cubic inch of the compound, 10.3011 ^ 

Hence the specific gravity of the compound is 10.301 lis 

that of water being, 1.000. 
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If Che proportion of ingredients be giveh in weight, as so many 
g^ins of gold mixed with so many grains of copper, the magnitudes or' 
measures of these weights may be computed from knowing their speci- 
fic gravities, which is, in fact, the weight of a given magnitude, the pre- 
ceding method of calculation may then be applied, if more than two 
bodies be united, the principle onf which the computation is conducted 
will be the same as in the example just given. The specific gravity of 
the compound was the object of enquiry, the specific gravity of the com-*' 
ponents being supposed Co be given ; the same method of calculation 
vould, however, discover any of the other quantities which enter the' 
investigation with a sufficient number of data. Thus — 

Suppose it were required to determine one of the ingredients of 
& compound substance, the nature and quantity of the other ingredient 
being known. Let the specific gravity of the compound be determined 
by the usual means, and let the quantity of the given ingredient be sub- 
tracted from the whole quantity of the compound, and the remainder 
will be the quantity of the required ingredients. But it is necessary to' 
determine its specific gravity. 

BXAMPLV 8BCOND. 

« 

Let the compound body under investigation be supposed to be 
compoimded of ti^^o substances, of which gold is one, and let the quan- 
tity of the compound be 35 cubic inches, the quantity of the gold being 
30 cubic incbaif suppole we ascertain the following results from ex-' 
periment: — 

Weight of 35 cubic inches of the compound, 360^395 

Weight^f 1 cubic inch of gold, 11.1728 

Weight of 30 cubic inches of gold, 335.184 

Weight of 5 cubic inches of the alloy, 25.3555 

We%M of 1 cubic inch of the alloy, 5.0711 

U^tka the specific gravity of the alloy will be 5.071 1 

^ that tiJein/g known to be the specific gravity of copper, the quality 
<)(the alloy iif determined. When the quality of the alloy is known, it 
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niay be required to determine the richness and proportion in which il 
is mixed with the precious metal. In this case the specific greLvity oi 
the constituent parts are supposed to be given. 

EXAMPLE. 

Let the compound be one of gold and copper as before, the spe* 
cific gravities of which are 19.257 and 8.830. 

Weight of a cubic inch of gold, 11.1728 

Weight of a cubic inch of copper, 5.071 1 

Difference, • 6.1017 

Weight of a cubic inch of the compound, 10.301 1 ^ 

Weight of a cubic inch of copper, 5.071 1 

Difference, 5.2300 '• 



As the former difference, 6.1017, is to the latter, 5.2300 § , so is 
1 to the fractional number which expresses the proportion in which the 
metals are mixed. Thus, by the Rule of Three— • 

As 6.1017 : 5.2300 -s •• ^ • S Answer. 

Hence the richness and proportion of gold contained in a cubic 
inch of the compound are 30 parts in 35, and there are, therefore, 5 
parts df alloy. 

BX AMPLE THIRD* 

Let silver and lead be united in the proportion of 20 measures of 
silver to 5 of lead ; the specific gravity of the silver is 10.474, lind that 
of the lead 1 1 .352, the specific gravity of water being 1 .000. Hence the 
calculation may be made as follows: — 

Weight of a cubic inch of water, 0.577 

Weight of a cubic inch of silver, 6.0798 

Weight of a cubic inch of lead, 6.5506 

Weight of 20 cubic inches of silver, 121^% 

Weight of 5 cubic inches of lead, 32.763 

Weight of 25 cubic inches of the compound, 154.349 

Weight of 1 cubic inch of the compound, 6.1 739 |j 

Hence the specific gravity of the compound is^ .... 6.1739 b 
that of water being 1.000. 
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BXAMPLB POURTH. 

Let the compound body under myeBtigation be supposed to be 
compounded of two substances, of which silrer is one; and let the 
total quantity of the compound be 25 cubic inches, the quantity of the 
nlTer being 20 cubic inches, suppose we ascertain the following results 
by experiment :«> 

Weight of 25 cubic inches of the compound, 154.349 

Weight of 1 cubic inch of silver, 6.0798 

Weight of 20 cubic inches of silver, 121.596 

Weight of 5 cubic inches of the alloy, 32.753 

Weight of 1 cubic inch of the alloy, , . . 6.5506 

Hence the specific gravity of the alloy is 6.5506 

And that being known to be the specific gravity of lead, the qua-i 
lity of the alloy is determined. When the quality of the alloy is known, 
it may be required to determine the richness and proportion in which 
it is mixed with the precious metal. In this case, the specific gravities 
of the constituent parts are supposed to be given. 

BXAMPLB FIPTH. 

Let the compound be one of silver and lead as before, the spe^ 
cific gravities of which are 10.474 and 11.352. 

Weight of a^^ cubic inch of lead, ^ . 6.5506 

Weight of a cubic ipch of silver, 6.0798 

Diflerence, 4708 

Weight of a cubic inch of lead, , 1 . . . 6.5506 

Weight of a cubic inch of the compound by experiment 6 J 739 ^ 

Difference, .3766 s 

Then by the Rule of Three— 

As .4708 : .3766 g :: 1 : i Answer. 

Hence the richness and proportion of silver contained in a cubic 
inch of the compotind are 20 parts in 25, and there are, therefore, 5 
paru of alloy. 
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BXANPiB SIXTH. 

Let proof spirits be united in the prc^rtion of qine measures cf 
proof spirits to one of water rthe specific gravity of the proof spirits at 
^he temperature of 51^ is 0.923, and that of the water 1.000. Hence 
the calculation may be made as follows, the denomination of weight or 
measure used being immaterial^ providing it be the same throughout 
ithe whole investigation : — 

Weight of a cubic inch of distilled water, 0.577 

Weight of a cubic inch of proof spirits, 0.5326 

Weight of 9 cubic inches of pripof spirits, 4.7934 

Weight of 1 cubic inch of distilled water, 0.577 

Weight of 10 cubic inches of the compound, ........ 5.3704 

Weight of 1 cubic inch of the compound, 0.5370 j 

Hence the specific gravity of the;compoupd jji. . .... 0«5370|^ 

^hat of water being 1.000. 

in the exampla just given, the specific gravity of the compound 
•^was the object of enquiry ; the spc|(^ific grayity of the con\ppnents being 
.supposed to be given. 

The same method of calculation would, however, discover any 
,ofthe other quantities which enter the inj^q^tigation, with a suflScienl 
number of data. Thus : — 

Suppose it were required to determine one of the liquids of a 
compound, the nature and quantity of the other liquid being known. 

Let the i^cific gravity of the compound be determined by the 

usual means, and let the quantity of the given liquid be sub^cted from 

the whole quantity of the compound, and the remainder will be the 

,<iuantity ofthe^e^uired liquid. But it is necewry to dote/mine its 

specific gravis . 

EXAMPLE SEVENTH. 

Let the compound body under investigation «be suppqsed tp be 
^ompound^ of two liquids, of which proof spirits is one; and let the 
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total quantity of the compound be 10 cubic inches, the quantity (tf the 
proof spirits being 9 cubic inches ; supposing that we ascertain the foU 
lowing results by experiment: — 

Weig^ht of 10 cubic inches of the compound, 5^704 

Weight of 1 cubic inch of proof spirits, 0.5326 

Weight of 9 cubic inches of proof spirits, 4*7934 

Weight of 1 cubic inch of the alloy, 0.577 

Hence the specific gravity of the alloy will be 0.577 

And that being known to be the specific gravity of water, the 
quality of the alloy is determined. When the quality of the alloy is 
known, it may be required to determine the richness, strength, and pro* 
portion in which it is mixed with the superior quality. In this case, the 
specific gravities of the constituent parts are supposed to be given. 

BXAMPLB EIGHTH. 

I^t the compound be one of proof spirits and water as before, 
the specific gravities of which are 0.923 and 1,000. 

Weight of a cubic inch of water, 0.577 

Weight of a cubic iach of proof spirits, 0.5326 

Difference, '. 0444 

Weight of a cubic ipch of water, 0.577 

Weight of a cubicioch of the compound by experiment, 0.5370 1 

Difference, 0.0399 1 



5 



Then say. As the former difference, .0444, is to the latter differ*, 
ence, .0399 5 , so is 1 to the fractional number which expresses the prcv 
portion, in which the compound liquids are mixed. 

Thus, by the Rule of Three— 

First reduce the mixed number to an improper fraction, thus^ 

.0399x54-3=1?? 

5 
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TU A ®*** 1998 ' I 1 1998 1 9 ^ 

inen^As-Y- : -5- - T — oJS ^"T*^ 7 — 10 
Hence the richness and proportion of proof spirits contained in a 
cubic inch of the compound are 9 parts in 10, and there is, therefore, 1 
part of water (or alloy), which is 1 in 10, or 10 per cent, under proof, 
the strength required. 

Or by decimal, thus— 
As .0444 : .031996 : : 1 : 9 pdrts of proof spirits, as before. 

In 10, the compound, and 10— 9::sl the water (or alloy) con-, 
tained in the compound, which is 1 in 10, or 10 per cent, under proof, 
the strength as before. This is a method for ascertaining the strength 
of liquids, &c. without instruments. 

. The demonstration of the proportion used in this solution scaroefy 
admits of a sufficient elementary explanation to be introduced with 
propriety. 

The same by table first. 

Look in the table for 10, the whole compound, under the word 
gallons, &c., which exceeds the 9 parts of proof spirits (or superior 

* Let X represent the proportion of proof spirits (or superior quality), and y 
that of water contained in 1 cubic inch of the mixtnre; let a be tbe specific gravity 
of the proof spirits, c that of the water, and m that of tbe mixture. The weight of 
proof spirits contained in a cubic inch of the mixture is ax, and the weight of water 
ey, and the weight of a cubic inch of the mixture is m. 

ax^ci/sam 
x^y^l the whole compound. 
•.* y=l— a? •.* ax^c (1 -a:)»m 
••• iF(c— a)=c--m 

c—a 
Or, As c—a : c»-m :: 1 : x 

That is, as the difference between the specific gravities of the water and tbe 
proof spirits is to the difference between the specific gravities of the water and the 
compound, so is 1 to. the proportion of proof spirits contained in a cubic inch. 

N. B. Let the foflowing explanation be understood for all questions of this 

kind. The numerator 9 denotes the quantity of proof spirits (or the superior quality) ; 

the denominator 10 denotes the whole compound; and the difference 1, between tbe 

denovainator IQ and the numerator 9» indicates tbe quantity of water (or alloy) coo* 

. tained in the said compound. 
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(quality) on the tame line^ under 10 per cent, under proof, the strength 
required, by 1 part, which is the quantity pf water ^or alloy) coDr 
tained in the said compound as before. 

If the object be to detect the exact quantity and quality of the 
impure and heterogeneous matter contained in any compound, it will 
not be sufficient that the specific gravity of the compound, and that of 
the principal ingredient, be previously known ; thus, in manufactured 
gold it is not enough to know the specific gravity of pure gold, and that 
of the nilloyed specimen under investigation, in order to determine the 
quantity and quality of the alloy ; it is indispensably necessary, either 
that the specific gravity of the foreign /natter intermixed with the prin-* 
cipal ingredient be given, or that son^e data be furqished by which it 
may be computed* 

Although in the cases of alloyed metals or adulterated liquids it 
is rarely possible to detect the exact quantity and quality of foreigi| 
matter which may be intermixed, yet we may generally pronoumce with 
certainty on the presence of some adulteration or alloy. The specific 
gravity of the pure substance being known, if that of the specimeii 
under enquiry differ from it, the intermixture of foreign matter is no 
longer doubtful, but what that heterogeneous matter is, and in what 
quantity it is present, is a problem which requires the ai() of pthepr 
principles. 

It has been already stated that spirits of every kind used in comy 
merce are mixtures of pure alcohol and water in difierent proportions, 
and their strength depends on the quantity of alcohol, which is mixed 
with a certain quantity of water. The indications of the hydrpmetef 
immediately betray ^hi^. 

The adulteration of milk by water may always be detected by the 
hydrometer, and ijp this respect it may be a useful appendage to houscr 
bid utensils. Pure m\k has a greater specific gravity jtha^ wajter, 
heing 1.031, that of water being 1.000. A very small proportion of 
vater n^i^ wjth n^^lk wiJl produce j| Jicjuid specifically lightef ^h/m 
vater. 

n 
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Although the hydrometer is seklotii applied to dooiestio ases, yet 
it may be used for many ordinary purposes which coQid scarcely be 
attained by any other means. 

The slightest adulteration of ipirit«, or any othet liquid of known 
quality^ may be instantly ddtecfced by it; and it is reconbrneHded by 
its dieat>ness, the great facility of its manipulation» and th6 simplicity 
of its results. 

Of the ancient philosophers, Archimedes seeitis to have made the 
greatest progress in the study of hydrostatics. Having observed one 
day, while bathing, that as he^immersed his body more or less, it dis- 
plitced a greater or less volume of water, he was so struck with this phe- 
nomenon, though apparently of little importance, that he hurried from 
the bath, and ran through the streets of Syracuse, crying out *' I have 
found it ! I have found it !" When he returned to his study he began to 
reason on this observation, and at last deduced from it certain princi- 
pies, which enabled him to discover the quantity of alloy mixed in the 
crown of king Iliero. 

Vetruvius {Lib. 9, chap, 3) informs us, that Hiero being obliged 
by vow to make a present of a crown of pure gold weighing 201bs., 
gave orders for such a one to be made ; but being told that the gold- 
smith had secreted part of the gold, and put to the crown the same 
weight of silver, he sent to the famous Archimedes of Syracuse, to 
whom he recommended the discovery of the fraud. It is demanded 
how Archimedes discovered the cheat, and how many pounds of silver 
the goldsmith had put into the crown 1 

Since it is proved by experiment that a mass of pure gold will 
possess less space than a quantity of silver of the same weight, it will 
be easy to conceive that a mixed mass of silver will possess or take up 
a space between them. Archimedes, therefore, caused two masses to 
be made of equal weight with the crown, one all of pure gold, and the 
other all silver ; then having a vessel filled to thiB brim with water, he 
caused the crojvn to be immersed, carefully preserving the water which 
flowed over the vessel, by which means he very exactly told Hiero 
how much gold was secreted. 
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Now let us suppose that by immersing tiie mass of gold only 
there were emitted 12tbs. of water, and by the mass of silver ISlbs., 
and by the crown ISlbs. ; then 

BY ALGEBRA. 
MUMBRICAL SOLUTION, 

Let X represent th9 quantity of silver in the crown. 
Then ihe gold must be 20— ;r. 

Now, As 201bs. of gold : 12lb8. of water :: 20— a? : 
Again, As 20Ibs of silver \ I8)bs, of wat^r :: 4? ' : 



ao 
i&r 



The sum of the two is 



• MO + sa? 



ao 



This ought to be equal to the pounds of wateir emitted by the 
cn^wn, vif(. 13. 

Whence ?Jitif = 13. This reduced 

240-f 0^=260, that is, (^=260-240 by transpositipn. That is, 
6-F=20, therefore, gp—^zrzZ^ lbs. 

So that the goldsmith had mixed 3 \ lbs. of silver in the crown. 

N. B. But there may be an infinite nun^ber of answers produced 
according to the variation of the question, and Ihe crown will he more 
or less adulterated, according to the proportion of water emitt^ed by the 
mass of gold and the mi^^ed n^ass, for the less their difference, the les9 
the adulteration. Note also, that this and such like questions may be 
done by knowing the specific gravity of ^aeh jbody that is weighed 
separately in^air and water^ and their proportions will hold good 'm 
jthe same manner as above, and is i^odernly practised. 

From the same data, by the Etule of Alligation. 

Pounds of water Or weight in 

ei^itted. the water. 
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Answer. 
Then, As6 : 5 :: 20 : I6| gold. 

And, As 6 : 1 :: 20 : 3f silver in the crown. 

BXAMPLB. 

Suppose a Mining Company had a quantity of lead ore, which 
was thought to contain some portion of silver, it is required to deter- 
mine the quality, richness, and proportion of the ore. 

Here let us suppose that they caused two masses to be made of 
equal weight with the ore, one of pure silver, another of pure lead. 
Now suppose they found by experiment, that by innnersing the 
mass of silver in water, it displaced 41bs of water, the mass of lead 
displaced lOlbs., and that of the silver and lead ore displaced Oibs. of 
water ; from these data, 

BY ALLIGATION. 

Answer. 

^,, 41bs. of pure or fine silver > 1 

Mean rate ore, 9lb8. i^iu v ^ i j i c 

lUlbs. of pure or fine lead ) 5 

Hence the quality, richness, and proportion of the ore are deter- 
mined ; that is, lib. of fine silver, and 5lbs. of fine lead. 

It is proved by experiment, that when heat penetrates the dimen- 
sions of a body, or, if we may be allowed the expression, when it is 
mixed wKh a body, the dimensions of the compound suffer an increase 
in the same manner as the dimensions of any two fluids or liquids, as 
alcohol and water when mixed together are greater in bulk than the 
water was existing separately. 

The calculations which have been explained for ascertaining the 
specific gravities of compound bodies, when those of their component 
parts are known, proceed upon the supposition that the bulk or mag^. 
nitude of the bodies united are not altered by their combination. 
Thus, if 10 cubic inches of gold be alloyed infith 4 cubic inches of cop. 
per, it is assumed, thai the mass of compound metal thus obtained will 
mtasure 14 cubic inches; in like manner, if a quart of spirits be mixed 



HYDROSTATICS. 101 

with a quart of water, the computed specific gravity of the mixture 
proceeds upon the assumption that it will measure two quarts ; experi- 
ence, howeYer, proves this supposition to be unfounded in most cases. 
When the constituent atoms of two bodies are transfused through one 
another by intimate mixture, it is found that certain properties are 
nanifest^y which exhibit a reciprocal relation between them, in virtue 
of#hich> they are either drawn together into closer contact, and com- 
pelled to Ofccupy a less space, or are mutually repelled, and made to 
occupy a greater space, by attractive or repellent forces, which are 
caRed into operation by the contiguity of the molecules of the different 
bodies ; in fact, it is found that equal measures of two different bodies 
being combined by mixture will produce a compoimd, the measure of 
which win be either greater or less than twice the measure of either of 
the bodies so combined. Thus, a cubic inch of gold mixed with a cubic 
inch of copper will produce a mass of metal measuring less than two 
cubic inches. It follows, therefore, that the component particles of these 
bodies have been forced into a less space than that which they occu- 
pied separately ; and, therefore, that corresponding affinities or at- 
tractive energies have been awakened by their combination. In like 
manner, if a quart of sulphuric acid and a quart of pure water be mixed 
together; the compound will measure less than two quarts. 

The effect here described will be found to be attended with ano- 
ther very remarkable one. The liquid at the commencement of the pro- 
cess being at the ordinary temperature of the atmosphere, it will be 
found, that after they are mixed they will acquire so great a degree of 
heat that the vessel which contains them cannot be held in the hand 
without pain. The effect bears a close relation to the expansion of. 
bodies by heat. If tlie communication of heat to a body causes its 
dimensions to increase, it must naturally be expected that any cause 
which would produce a diminution of dimensions would compel the 
body to part with heat ; thus the conderisation produced by the admix- 
ture of the two liquids is accompanied by the evolution of heat. 

Although the method of computing the specific gravity of a mix- 
ture, upon the supposition that its constituent elements suffer no change 
of dimensions, is applicable for the actual determination of the specific 

gnivities of compound bodies, yet such computation is not useless. The 

Ha 
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only exact* method of ascertaining the d&gree in i^hi^h substaric^d H* 
tract or expand their dimensions^ is by computing the specific grav 
which the mixture Would have, were such change of dimensions not 
happen, and com{>aHng such computed specific gtavity with the act) 
Specific gravity of the compound body observcki by experiment. 1 
t>roces9 of measurement is not susceptible of the sanie accuracy, r 
indeed of any degree of accuracy sufficient for scientific purpose 
^ete it doi however, it would scarcely be so simple as the comparis 
5f the (iompuied and observed spelcific gravities. The quantities 
the two substances mixed should be accurately measut'ed before mixtui 
and the m^asurd of the! Compound should be afterwards ascertaine 
The difference betWecfn the sum of the measures of the constituent par 
and the measure of the whole would give the contraction or expansic 
produced by their combination. 



* Let e and e' bcl the specific gi-aVitito of the cohipontot patts, kbd in the sp^ 
cific gravity of the mixture. Let a and a' be the magnitudes of the component partt 
and a-^a' will bo the magnitudes of the mixture. The weights of the component 
^ill be ae and a'e\ and the weight of the mixture will beae + o'e\ which is the sun 
of the weights of the components ; but the weight of the milture will also be ex 
pressed b)' (a -f a')f?i ; h^nce 



ae + a'e' 



U T U 

tn faCti this result is nothing more than an expression denoting that the speci- 
iac ^ritVity of the compound is equal to its iveight, divided by its magnitude; the 
inagtlittidig being supposed to be eqUal to the sum of the magnitudes of the compo- 
hents. 

tii some cases the wei^ts and specific gravities of the cOnkponehts are giveif , 
fatit not their magnitudes. Let u and u' be the weights, then u^aet and u'—a'e', 

Thereforcti a = — and it' = -; ; hence 



m= 






V ^^^(IM. t*V' 



ue' + u'e 



Application of analysis 



TO 



tHE SOLUTtON 



OP 



Various Valuable prescriptions 



AMD 



GENERAL RULES^ 



A PHYSICIAN haviog prescribed the following, lent it to a youilg 
bhymist, who was fond of Algebra : — 

" Sir, 

*' Please to Goinpouild for a patient 6( mine) 372 grains from 
" Valeriati powder, rust of steel, and rhubarb powder; make them into 
" 12 powders, each to contain 31 grains.'* 

If the Valerian powder be multiplied by 20, the rust of steel by 
d, and the rhubarb powder by 3, the sum of their products will be 5676 
graiiis. 

What quantity of each must he take ? 
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Let a denote ihe number of grains of the Valerian powder, e the 
rust of steel, and y the rhubarb powder. 



Let 

And 
Steps. 

1-a 

2-20a 

3x3 

4-5 

3x5 

7-6 



1 I a-i-tf+y=372gr8.thewhole compounds 12 powders. 
a 20 a + 80 + 3y = 5676 grains, per quesf iqn. 

3 0-hy=372-a 

4 804-3y=5676-2Oa 

5 30+3y=1116-3a 

6 5i?=4560-17a. Hence a Z^=: 268^ 

7 5tfrf5y=18(>0-6a 

8 5y=12a-2700. Hence a/ if =225 

From the 6th and 8th steps it appears that the quantity signified 
by a ovg}it to be le^s tjh^n SJ69^ , jtnd greater th^n ?25 ; th^t |s, any 
number between 225 and 268 j^ may be taken for the value of a, con- 
sequently, there may be 42 answers to this question, and the value of 
a in whole numbers. 

Suppose fl== 240^ J4iep »:^5Sg!°»^^^ ppjr 6th step, and y= 
^^^^^^=36, per 8th step, and so on for the rest. 

N. B. Registering the steps, and tracing the several operations 
with figures and signs in the margin, is inserted by the desire of several 
young friends. 

Thien, 

i a=s240=& Valerian powder. 
Proof ^ e s 96=ru8t of steel. 

I y=s 36= rhubarb powder. 

Tot^I coQqMNiiiii7372^31:7l2 poopdeis. 

Apd 3?8*^lS:3?3i grains in each po^feder. 

EXAMPLE SECOND. 

Please to compound 7^ grains from quicksilver pilj, e^t^ct of 
colocynth, and ipecacuanha powder; make them into 12 pills, 6 gr^ns 

* The superior dash above numbers 3 and 6» in the 5th and 7th steps^ denotes 
the 3 and 5 to be absolute numbers, and not steps. 
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Let 


1 


And 


2 


i-a 


3 


2-« 


4 


4-3 


5 


5x9 


6 


6-6 


7 


7-K9 


8 



in each. If you add 10 to the quaritity of qtticksilV|r pill^ subtract 10 
from the quantity of the extract of eolocynth, and multiply the quantity 
of ipecacuanha powder by 10, the result thereof will be 180grain!t. 
What quantity of each must he takc^t 

Let a be the quantity of quicksilver pill, 0=sthe extract of colo^ 
cynth, and y=the ipecaciiiaiiha powder. • 

a4-0+y=3s72 grains, the whole compound. 

a-l-lO-htf-^lO-f 10y=180 grains^ per question^ 

0+y=72-^a 

«+10y=sl80— a 
9y=l08, and^=-^=l2 

90+9y=648— 9a 

9e=54d— 9<t 

0360— a. Hence a ^ 60 

From the last step it appears that the quantity signitied by d^ mUst 
be less than 60 ; that is, any number between 1 and 60 may be taken 
for the value of a, consequently there may be 59 answers to this ques^ 
tion, in whole numbers. 

Suppose a=30^ then #=360—30=30, per 8th step, andy=:12^ 
per 5th step. 

Theii, a=s30 the quicksilver pill. 

0s3O the extract of eolocynth^ 
y=12 the ipecacuanha powder. 

Total= 72-^-6= 12 pills. 
And 72-1- 12 =6 grains in each pill. 



EXAMPLE THIRD. 



Please to compouiid 134 grains from calomel> antimonial powder^ 
and compound extract of bitter apple, make it into 24 pills, and 5^ 
grains in each. If you multiply the quantity of the compound extract 
of bitter apple by 2, the quantity of the antimonial powder by 3, and 
the calomel by 4, the sum of their products will be 286 grains. fToW 
much tyt ^ach sort must he take to make the composition ! 
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Let a be the quantity of the compound extfact of bitter apple^ 
e the quantity of the antimonial powder, and y the calomeh 



Then 
And 
l-a 
4 -2a 
3x4 
5-.4 
S-6 



1 
2 
3 
4 
5 
6 
7 



2a+3.4-4y=286gh..|P^'^"^^^"'^' 

0+y=134— a 

30+4y=286-2a 

4tf4-4y=536— 4a 

tf=:250=2a. Henceazf^=±125 



ysa-^116. Hence a ^116 
Fi'onl the two last steps it appears that the quantity signified by 
ct ought to be less than 125, and greater than 1 16 ; that is, any num- 
ber between 116 and 125 may be taken for the value of a ; therefore, 
there may be 8 answers to this question, in whole nnmbers. 

Thus, suppose as 120, then 0=250—240=: 10, per 6th step, and 
y=?120— 116=s4, per 7th step. 

Then, a=120 the compound extract of bitter apple. 
e=s 10 the antimonial powder. 
. y= 4 the calomel. 

Total 134-f-5 75- =24 pills. 
And 134h-24=5 -^ grains in each pill. 

EXAMPLE FOURTH. 

Please to compound 240 grains from Golumba powdei* and mag^ 
nesia, make them into 12 powders, and 20 grains in each. If you 
multiply the quantity of the magnesia by % and divide the quantity of 
the Columba powder by 2, the sum of the product and quotient will be 
300 grains. What quantity of each must he take ? 

Let a be the quantity of the Columba powder, and « the mag- 



nesia. 
Then 
And 
2x2 
l-a 
3-.a 
5-4 
6-h3 
7-e 



1 
2 
3 
4 
5 
6 

7 

8 



a+tf=: 240 grains 1 



a 



per question. 



I -|-2tfz=300 grains J 
a +4^=600 
e=240— a 
4e=600-a 
3^=360 

e=^=120 

a=:240-^ 120=3 120, per 1st step. 
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Then^ a=: ISO the Columba powder. 
And ^3=120 the magnesia. * 

Toul 240-«-20=:12 powders. 
And 240^ 12=5 20 grains in eaeh powder. 

EXAMPLE FIFTH* 

« 

Please to compound 2895 grains from sulphate of bark and cinna^ 
men water, make them into 12 ^ spoonsfull, and each to be half an 
ounce. If you multiply the quantity of cinnamon water by 192, and 
add the product to the sulphate of bark, the sum will be 552960 grains. 
What quantity of each must he take ? 

« 

Let a be=the number of grains of the sulphate of bark, and e^ 
the grains of cinnaqion water. 

a +e=;2895 grains 1 

a+192.=552960 grains/ P«^ ^"^»^»«'»- 
«=2895— a. Hence a Z 2895 



Then 


1 


And 


2 


l-a 


3 



af iuib^^=ooj6innj grains i 

«=2895— a. Hence a I 2895 



From the Ist and 3rd steps it appears that a ought to be less 
than 2895 ; therefore, any number may be taken for the value of a, 
between 1 and 2895, consequently there may be 2894 answers to this 
question. 

Suppose .a= 15 grains, the sulphate of bark, and e=2880 
giuins, the cinnamon water, per 3rd step. 

Then a= 15 grains, the sulphate of bark. 
And 0=2880 grains, the cinnamon water. 

Total 2895-f-240=12 ^ apoonsfull. 
And 2895-H12 ^ =240 grains, or |^an ounce in each spoonful. 

EXAMPLE SIXTH. * 

Please to compotmd 14 drachms from diuretic salt, syrup of pop^ 
pies, simple cinnamon water, and common water. If you multiply the 
(quantity of diuretic salt by 8, the syrup of poppies by 3, and the siny^ 
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Then 


1 


And 


2 


I -a 


3 


a-~8a' 


4 


4-1^3 


5 


3x2 


6 


6-5 


7 



pie cinnamon water by 2, the products added to the quantity of com-, 
mon water will be 7B drachms. What quantity of each must he take to 
make the composition f 

Let a be the number of drachms of the diuretic salt, e the syrup of 
poppic99 y the simple cinnamon water, and u the common water* 

<»+*H-y+«= 14 drachms > ♦. 

8a+3»+2y+«=78 drachm. S ^' 1""'*"»°' 

•+y+f»=14— a 

3tf+2y-|-t«=78--8a 

2tf+y— 64— 7a. Hence a 4 r =^T 

2e+2y4-2u=:28-2a 
I y+2u=f5a— 36. Hence a 7 " =7j 

From the 5th and 7th steps it appears that the quantity signified 
by a ought to be less than 9|9 and greater than 75^; that is, any 
number between 7s'^nd 9 7 may be taken for the value of a, iherer 
fore there may be 3 answers to this question, in whole numbers. 

Next, to find the limits of ^^ y, and u. 

a:^S. Then will 7^=56, and 5a=^40 

2tf 4-y=564— 7«=«=8. Per 5th step. 

y=5;8— 2e, Hence, i^Z j ^4 

^-f y4-«=^14— a=;6. Per 3rd step. 

y4-tt=?6— tf 

uz^ew^2. Hence, 072. 



From the 10th and 13th steps U appears that if 07=8, then «73i 
:8— 2^=2, and«==tf— 2=1. 

Then, a=8 drachms of diuretic salt. 

6=3 drachms of syrup of poppies. 
y=2 drachms of simple cinnamon, 
tt=l drachm of common water. 

Total 14 the who]^ compound* 



Suppose 


8 


Put 


9 


9^2^ 


10 


Again, 


11 


ll-ir 


12 


12-10 


13 



A FEW USEFUL NEW RULES. 



PROPOSITION FIRST. 

To find what quantity of water is required to be added to any 
quantity of spirits, of any strength, to reduce it to any strength required* 

Let a bes525 gallons of spirits at 4 per cent, under proof, and 
x=the quantity of water required to reduce it to 20 per cent, under 
proof, to find ap> 

BY ALGEBRA. 
NUMERICAL SOLUTION. 



;p4-a=d7-f25 

96a =80;r+ 2000 

or-f a— ;c= 25 gallons. And 

80^=90a— 2000, by transposition. 

a?=?-£Z_ — =5 gallons of water. Answer. 



From hence we deduce the following: theorem: — 



RULE FIRST. 



Let 


1 


And 


2 


1-x 


3 


2-2000 


4 


4-1- 80 


5 



Multiply the quantity given by its strength ; from that product 
subtract the product of the quantity given, multiplied by the strength 
required ; the remainder, divided by the strength required, gives the 
quantity of water required. 
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EXAMPLE. 

What quantity of water must I add to 25 gallons of spirits at 4 
per cent, under proof to reduce it to 20 per cent, under proof? 

Strength. 

^ „ r 25x96=2400 
^*"^"'} 25x80=2000 

{Strength required =? BO) 400(9 ga|ls. of water Answer, 

400 



PROPOSITION SECOND. 

To find what quantity of spirits of a higher degree of strength is 
required to add to any quantity of spirits, of any strength, to raise this 
strength to any strength required. 

Let a be =20 gallons of spirits at 15 per cent, under proof, and ^ 
^ssthe quantity of proof spirits required to raise the strength to 8 per 
cent, under proof, to find x, 

VUM^RICAI. SOLjUTJOOr, 
Xr|-a:;p^4-20 

100x + 85a=92jr-f 1840 
dP-ha— ar=20 gallons 
2-92ar-85a 4 100a?^92^=1840-85a, by transposition. Ox 

8;r ;^ 1 840 ~ 85a. That is, 

1840—85/2 1/tR 
a?= g =r:17.5 

flenee we deduce tlie following theorem 'i-^ 

RULE 6B|:OiND. 

Multiply Ithe quantity given by the strength required \ frpm that 
prodiict suhtraci tjie product of the quantity given, multiplied by its 
strength; tl]^ ^remainder, divided by the difference between the strength 
of the qufti^tf required AOd the str^eagih recjuired, give^ th^ (juantjty 
required. ' 



I^t 


1 


And 


2 


l-ar 


3 


92ar-85a 


4 


5-H8 


5 
6 
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EXAMPLE. 

^Vhat quantity of spirits at proof must I add to 20 gallons at 15 
per cent, under proof to raise ipi strengtl> tp 8 ppr pent; iinder propf | 

Strength. 

20x92=1840 
20x85=1700 



Let 


1 


And 


2 


l-« 


3 


2-80a? 


4 


5-&-i6 


5 
6 



IOO--92=:8) 140(17.5 gallons. Answer. 

PKOPOSITION THIRD. 

To find what (j[uantity of spirits of any strength is required to ad<f 
to any quantity of water to reduce the spirits to any strength required^ 

Let X be the quantity of spirits at 4 per cent, under proof, and ^ 
the quantity of water to reduce it to 20 per cent, under proof^ to find ^; 

MUM ERICAJL SOLUTION* 
«:-frfl=?J?-|-10 

96a?= 80a? 4-800 

x-f a— «?=10, and 

96a?— 80a? =800 by transposition, or 

16x=800, that is, 

a? =^=50 gallons. Answer. 

Fron? hence we deduce the following theoren^ : — 

Multiply the quantity of water given by the strength required^ 
and that product, divided by the difference between the strength givei^ 
and the strength required, give^ the quantity required. 

EXAMPLE. 

What quantity 4^ spirits ^t 4 per cent, under proof must I i^i^ 
m^ 10 gallons of water to reduce the strength to 20 per cent,, ui^d^ 
proof? 

10=quantity of water. 

SO ^strength required 
Strengths. 

P6-.-80= 16)800(50 gallons. Answer. 

80 
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PROPOSITION FOURTH. 

To find what quantity of spirits of an inferbr strength is required 
to add to any quantity of spirits of any higher degree of strength to 
reduce it to any strength required. 

Let a=40 gallons of spirits at 10 per cent, under proof, and x 
the quantity required of spirits at 20 per cent, under proof, to reduce 
the strength to 1 5 per cent, under proof, to find x. 

NUMERICAL SOLUTION. 

07 -fa =1=07 4*40 

80x + 90a = 85x -f 3400 

a? H- a— J? =40, and 

8507— 80;v=90a— 3400 by transposition, or 

5d?=:90a— 3400, that is, 

ar=52S!=^=40 gallons. Answer. 

From hence we deduce the following theorem : — 

SULB. 

Multiply the quantity given by its strength, from that product 
subtract the product of the quantity given multiplied by the strength 
required, the remainder, divided by the difference between the strength 
required and the inferior strength, gives the quantity required. 

SXAMPLB. 

What quantity of spirits at 20 per cent, under proof must I add 
to 40 gallons of spirits at 10 per cent, under proof to reduce the strength 
to 15 per cent, under proof? 

Strength. 

40x90=3600 
40x85=3400 



Let 


1 


And 


2 


l^x 


3 


2-3400 


4 


5-^5 


5 
6 



85—80=5) 200(40 gallons. Answer. 
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I shall now proceed to g)ve an example of the method i||ed in 
arguing unlimited questions, viz. questions that admit of various answers^ 
such as those in Alligation Alternate, which will limit or bound them to 
all their proper or possible answers in whole numbers. 

EXAMPLE. 

Suppose a brandy dealer having threi^ sorts of spirits, viz. some 
at proof, some at 20 per cent, under proof, and some at 30 per cent. 
under proof, and his traveller sending home different orders to the 
amount of 120 gallons at 15 per c^nt. under proof, what quantity of 
^ach must he take, and in how many different ^ays can ^9 execute thQ 
orders in whole gallons I 

PV ALGEBRA. 
NUHERICAL SO|iUTIO|l. 

Let X be=the quantity of proof spirits, y=;that at 20 per cent., 
under proof, an^ «=that at 30 per cent.upder proof. Thus : — 

«?+y -!-«== 120 gallons, 1 

100x+80y+70.^10200P'' 'i"*'*"'"' 

y-f«=120— a: 

80y-f 70*=; 10200- 100a? 

70y + 70^=8400-^ 70a: 

10y=1800-30ar 



Let 


1 


And 


2 


l-ar 


3 


2-100.17 


4 


3x70 


5 


4-5 


6 


6-r-lO 


7 


3-7 


8 



y= 180-3^. Hence x Z t=60 



2=2^-60. Hence a: 7 ? =30 



From the two last Meps it appears that th^ quantity signified by ^ 
pught to be less than 60 and greater than 30 ; that is, any number be- 
tween 30 and 60 may be taken for the value of 4?, consequently there 
may be 30 answer, or different ways to execute the orders in whole 
gallons. 

Suppose ar:?: 31, then y=180— 93=^87, per 7th step, and «= 
62—60=2, per 8th step. And if you please to put ;p=a fraction, 
there may be found an innumerable number of aQswers ; whereas, ^h^ 
Rule of Alligation in common arithmetic affords only one answer ^9 
(ractiQQS. 
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ANSWBR0. 



Oallons 
atynoot 


Qallons 

at 

20 per cent 

TJ. P. 


Gallons 

at 

ao per cent 

UP. 


Gallona 
atproot 


Gallons 
. at 
20 per cent 
UP. 


Gallons 

at 

30 per cent 

UP. 


Gallons 
at proof. 


Gallons 

at 

20 per cent 

UP. 


Gallons 

at 

30 per cent 

TJ. P. 


31 


87 


2 


32 


84 


4 


33 


81 


6 


34 


78 


8 


35 


75 


10 


36 


72 


12 


37 


69 


14 


38 


66 


16 


39 


63 


18 


40 


60 


20 


41 • 


57 


22 


42 


54 


24 


43 


51 


26 


44 


48 


28 


45 


45 


30 


46 


42 


32 


47 


39 


34 


48 


36 


36 


49 


33 


38 


50 


30 


40 


61 


27 


42 


52 


24 


44 


53 


21 


46 


M 


18 


48 


55 


15 


50 


56 


12 


52 


57 


9 


54 


58 


6 


56 


59 


3 


58 


60 





60 



The above table contains all the limited answers in whole gallons 
that the preceding question can produce^ and by table first may be 
reduced to any strength required by inspection. 



BY TABLE FIRST. 



To reduce any quantity of spirits of any strength to any strength 
required, when you cannot find the quantity of compound at once. 



RULE. 



Collect the whole quantity of proof spirits together in one sum, 
then divide that sum by 10, &c. Look in the table for the tenth part of 
the proof spirits (or quotient) under the strength required, and on the 
same line, under the word gallons, you will find the tenth part, &c. of 
the compound, that, multiplied by 10, &c. gives the whole compound, 
which exceeds the first quantity by the quantity of water required. 

EXAMPLE. 

What quantity of water is required to add to 275 gallons of spi- 
rits at 4 per cent, under proof to reduce the strength thereof to 20 per 
cent, under proof? 

Here, in 275 gallons at four per cent, under proof, you will find 
264 gallons at proof, that, divided by 10, is 26.4, then look in the table 
for the 26.4 gallons at proofs under 20 per cent, under proof, the strength 
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required, and on the same line, under the word gallons, you will find 
33, i^hich, multiplied by 10, is 330 gallons, the whole compound, 
which exceeds the 275 by 53 gallons, the quantity of water required. 

The application which we have here made of analysis to the solu- 
tion of a few problems evidently shews that this method, by its preci- 
sion, brevity, and extent, is far superior to arithmetic. The latter 
confines our attention to determinate quantities, and, if I may use the 
expression, enchains it by the slowness of its progress ; while the other 
more rapid, enables us tp pass over the intermediate operations, and 
to direct our attention to the real point of difficulty. The chief advan- 
tages, therefore, derived from this science are, that it facilitates the 
discovery and comprehension of mathematical truths, and that it sup- 
plies us with easy methods and general rules for resolving all problems 
that may be proposed respecting quantities. 

When we have obtained a result by the rules of arithmetic, there 
is nothing indeed that exhibits to the mind the chain of operations which 
conducted to it ; when afler a few arithmetical operations we have ob- 
tained 12 for a result, we see nothing in 12 which can indicate whether 
this number has arisen from the multiplication of 4 by 3, or of 6 by 2, 
or by the addition of 4 to 8, or of 3 to 9, or, in general, from the com- 
bination of any other operations : arithmetic gives rules for finding cer- 
tain results, but these results of themselves can furnish no rules. Alge- 
bra, however, or that mode of calculation which employs indeterminate 
characters, preserves, as we may say, the traces of all the intermediate 
operations which conduct to the last result. 



ANALYSIS OF MINERAL WATERS. 

Thb employment of these waters in medicine has given the great- 
est interest to this branch of analysis. The substances generally met 
with in the waters from Swedish springs are the chlorides of sodium and 
potassium, the chlorides of calcium and magnesium (rarely a small por- 
tion of alkaline or calcareous sulphates), the alkaline carbonates, the 

12 
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Carbonates of lime, magnesia, of protoxide of iron, sometimes of pro- 
toxide of manganese ; moreover^ they all contain silica, dissolved with- 
out the assistance of an acid or an alkali. To thei salts before named 
inay be added, with regard to the waters of great towns, the nitrates 
of potassa, of linile, and of magiiesia. When these watet^ re-act as if 
bontainingf ftee acid> It is oV^ing to the presence of a small quantity of 
tarbonit; acid, which is then the solvent of the earthy carbonates. Some 
waters also cont&in siilphureted hydrogen, but in such small quantity 
that its presence can be discovet^ed only by partly filling a glass, cover- 
ing it with the hand, and shaking it violently ; after which^ the unco- 
vered glass being (|uickly carried to the nose, a slight smell of Sulphu- 
teted hydrogen il perceived. Most of thd Swedish waters contain like- 
wise A portioii of that soluble! substance which forms part of the lioil, and 
which is gencirally cillled extractive! mattet*. Usually they do not con^ 
tarn sufficient to become coloured, at least when the volume of water 
is not greatly reduced by boiling, in which case they at last assume 
a broWnish-yellow colour. Some watefs contain sufficient of this mattef 
to be coloured in th^ir natural state ; fbr ini^tance; the t^ater of Porla, 
the colour of which is brownish yellow; Our mineral ^&tefs contain, 
besides, azote, without oxygen, which latter has been absoi^bed by th^ 
Iron or eictr^ctive matter during theii* course. They generally contain 
such a quknlity oi kzote as is found in a water impregnated with atmos- 
pheHcal air, but whose oxygen has been absorbed without being re-^ 
|)la(ied by a^dte. 'this property Varies in pfopdrtidn to the distance 
of the wate^ froni its source. The nature of the substances dissolved 
differs much id these waters ; fbr ifastance the spring of Loka contains 
Water from the purest source at preseilt known. The fountaiiis of 
Stockholm contain a gifeat quantity of nitre : the spring of Runnaby 
bontains protosulphate of iron. Our common mineral waters, for in- 
Istance of Medevi, of Saetra^ of Ramloesa, Porla, contain protocarbon- 
ate of iron, some with, others without^ alkali. The springs of Stock- 
holm, as well as that of Saint R^gnildo iiear Soederkoeping, are com- 
inon st>rings^ ttrhich only differ in containing ttiore eartby carbonates. 
In other coUhtH^s; especially in i3ernmny; there are springs Ujg:hly 
thsirged iidth fbrlei^n ihftttfeni : itiany contilin a quantity df earbonic acid 
fequal to the vblUthe of Water ; for instance, thB waters of Selts^ of Pyr- 
lUont> and of Fachihg. Others contain great qultntities of sulphureted 
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hydrogeiiy mised with carbonic acid and azote; as the waters of Aix- 
la*Ohapelle. The quantity of salts contained in these waters is very 
great compared to the Swedish waters. The waters of Faching^ of 
Geilnawy and of Seltz, contain much carbonate of soda^ whilst the 
waters of Pyrmont, of Meinberg^ and of Spa, contain a great quantity 
of carbonate of iron. The waters of Seidlitz and of Seidschutz contain 
g>Feat quantities of sulphate and hydrochlorate of magnesia, &c. The 
mineral waters are divided into four classes, ferrqginous, alkaline, sa<* 
line, and hepatic waters. Many wafers may belong at the same time to 
seyeral classes ; they are then arranged according to the character which 
predominates. The following are the names of some of the most cele- 
brated waters : — 

1st, Ferruginous waters.—- a. Waters purely ferruginous, viz» 
Medevi, Pyrmont. b. Alkaline ferruginous waters, viz. Porla, Saetra, 
Ramlcesai Adolfsberg, Spa, Eger, Marienbad. — 2nd. Alkaline waters, 
viz. Carlsbad, Marienbad, Bilin, Faching, and Seltz. — 3rd. Saline 
vatera, viz. Seids^utz, Seidlitz, Epsom, and Pyrmont. — 4th. Hepatic 
ot sulphureous waters, vi^. Aiz-la-Chapelle. 

I am here going to give some rules for the analysis of mineral 
waters, which I have often had occasion to practise upon those of Swe 
den. The qualitative analysis is performed by means of the re*agents, 
as will be seen. By these means it is easy to discover the nature of the 
substances that a v&ter contains ; and an experienced eye may at once 
conclude, by the greater abundance of the precipitates, the greater or 
less quantity of the different matters contained in the fluid. 

BXAMINATION OF MINERAL WATERS BY RE-AGENTS. 

We should observe — a. The colour and transparency of the water. 
b Its smelly ajccording to the method above-mentioned, for discovering 
the presence of isiulphuret(sd hydrogen, c. Its taste, which may be sa- 
line, bitter, or like t^at of ink , it must be remembered, howeve^, that 
the disagreeable taste which some springs appear to have in the mom- 
iiigi which is not discoverable during the day, signifies nothing, for it 
is dependent on the variaUp conditions of the organ of taste, d. In 
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tiie following way it rosy be ascertained whether a wnter contain a fe'sirf 
6r greater ^rtion of volatile substances. A bottle is filled with the' 
water destined for examination, and half emptied ; the mouth is thed 
Itopped with the thumb, the bottle is shaken strongly for some minutes, 
dnd then turned ^ith the tieiek downwards, arid the thumb is withdrawd 
Sufficiently to' sc^ tl^hethef any water escap'es which may be received in 
d glass in otder to determine its quantity. Care nfusi be taken to hold 
{he bottle in such a manner that it may not be heated by the hand 
during the agitation, to that thel dilatation only of the air contained in 
the bottle may not occasion an cfrroneoui^ Result. These trials having 
hiaen made^ if possible at the springs the analysis is continued by re-> 
agents, as follows: — Thirteen glasses are taken, ten are filled with thd 
fresh water for examination, and three with prepared water that has 
been boiled at least for half an htnir, and that has been filtered after 
isooling. The following i^-agerits Sife next droppled into the glasses : — 
1st. Tincture of turnsole (f>tepared with cold alcohol and cakes of 
iutnsole : ^cohol preserves the tincture unaltered for a length of tim^7* 
When the water into, ^hich a fe^ drops of this tincture have been 
thrown assumes a red shade, ihe presence of a free acid must be con^ 
eluded : if, on the addition of a greater quantity of tincture, the 
i'eddish liquor assumes a blueish tint, the quantity of acid is small ; and 
if the rdddened water becomes blue again after from twelve' to twenty- 
four houi^s^ and the tincture of turnsole added to one of the glasses con- 
tainiAg the boiled mineral water does not become red, the acid contained 
In the water wai^ thd carbonic : a dark permanent red colour denotes 
the presence of a metallic salt. — 2nd. Lime water saturates free car- 
bonic acid, so as to occasiori i precipitate of neutral carbonate of limcf: 
the earths and metallic oxides which had been dissolved in the carbonic 
acid precipitate at thd samci timd. If the Water contain free carbonic 
acid, the precipitate is re-dissolved by the addition of a sufficient quan- 
tity of this wat^r. In order to make the experiment well, it is com- 
menced by allowing a te^ drops of lihie water to fall into the watei': 
the troubling which is at drst ocdasioiied afterwardi^ disappears. If the 
inrater do not contaiii ftee carbonic acid, but ohly bicarbonates, the 
li^ubling eaiised by the lime water does not disappear, whatever quan-i 
tity of the minefal water may be added. The majority of Swedish wa-> 
ieri that I have examined ^ containing carbonic acid^ act in this rnannet. 
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-=~Srd. The tincture of Brazil wood passes from a yellowish brown to b 
beautiful red when the mineral water contains an alkali or an earthj 
carbonate. — 4th. The chloride of barium precif]iitaites a sulphate of 
barytes. An alkaline water ought to be mixed ^ith acid before adding the 
bary tic solutibii to it, so as to pjhevent the rd-^ction of the alkali on the ba- 
rytic salt: few Swediiih waters coiitain sulphates in considerable quantity. 
— 5th. Nitrate of silvcit indicates the presence of the chlorides which 
precipitate it in thd form of a iflaite and thi<ik cloud. If in the first in- 
stance the precipitate is black or brown^ the presence of sulphureted 
hydrogen may be Concluded, i^ometimes after a short interval the su- 
jpernatant liquor assunrtes a wine-red colour, still preserving its transpa- 
rency. This effecty according to the experiments of M. Hermbstaedt, 
is owing to the presence of an acid and volatile body, which he supposes 
to be the sulphUret^ or phosphureted hydrogen; he has found it both 
in the water of the Baltic Sea; and in that obtained from it by distilla- 
tion. — 6th. Oxalate of ammonia and the acid oxalate of potassa preci- 
|>itate an oxalate of lime which deposits slowly. — 7th. The subphos-^ 
phate of ammonia added to the filtered liquor shows the presence of 
magnesia.— 8th. Caustic [iotassa precipitates the earths and metallic 
oxides from their solution in acids. A white precipitate, which after 
some time becomes yellow, indicates the presence of iron, or else of a 
certain quantity of extractive matter that colours the precipitate. — 9th. 
Bicarbonate of potassa precipitates the earthy and metallic oxides, when 
dissolved in any other acid than the carbonic. — 10th. Ferro-cyanuret 
of potassium gives a green colour to alkaline ferruginous waters, and a 
greenish-blue precipitate deposits after some hours. If the water be 
hot alkaline, or when the alkali has previously been saturated with an 
acid, the precipitate immediately assumes a blue colour. In the previ- 
ously boiled water the ferro-cyanuret of potassium does not re-act when 
the iron has been held in solution by the carbonic acid. The red ferro- 
cyanuret is still more sensible than the yellow one, because the springs 
contain iron in thb state of protoxide^ with whidh this last re^agent 
immediately forms a blue precipitate. — 11th. The neutral deutochlo- 
ride of gold produces a troubling in ferruginous waters, according to 
M. Ficinus; causing a precipitate of metallic gold, which is visible even 
in waters on which the prussiate of potassa and gall-nut produce no ef^* 
feet ; but it is necessary that the free acid should be first satuvQited by 
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carbomte of soda. — 12tb. Galiic acid, or> in lieii of this, the dko^ 
holic infusion of nuUgaUsy does not at first produce any change in a 
ferruginous water just drawn, but after some tioae the water becomes 
graduaHy coloured. A ^lear purplish colouf, which does not increase 
iftfler some hours, indicates an exceedingly snaU quantity of irori. Oui^ 
femiginous waters generally give a very dark purple cobur $ and tho^ 
which contaiti more iron assuBoe a blackish-brown colour. Waters that 
ieoDtain much alkali give a dirty colour, between green aiid daltk browii. 
Waters containing so little iron that its presence Cannot be demonstrated 
by tincture of galb alone re-act sensibly, adcording to Mh Philips^ 
when a little Ume water, or, what is better still, a solution of carbonate 
bf lime iii carbonated water, is added to them. 

When gaffic acid does not produce a purple colour in the boiled 
water, the protoxide of iron has been held iii solution by the carbonic 
acid ; and if the boiled wat^*assumes, aftel^ Som6 hours, a sea-green 
colour with the gallic acid, it contains some alkalis This re-action is so 
delicate, that it serves to demonstrate the smallest quantities of alkali; 
but for that pnrpose it is necessary thai the water should have been 
boiled some length of time, for otherMse the alkaline re-action may be 
owing to the presence of carbonate of magnesia. A crowd of other re- 
agents exist, but their employntent has never taught me any thing new ; 
land those that 1 have enumerated have always sufficed. By collecting 
t<^ether the substances detected by the preceding experiments, those 
that can be combined alfe easily known ; aod as they are to be united 
JACcording. to the affinities ascertained to be strongest, it is easy to indi- 
cate, with tolerable certainty, what were the salts dissolved in the 
water. 



GENERAL RULES FOR TtlE ANALYSIS OF GASES. 

Whbn the analysisof a gas is desired , it must be recei vied o v^r mer- 
cury «s soon as possible. The insoluble gases can be received over 
%Bter,andin this way results sufficiently exact may be obtained, making 
Ihe necessary corrections for the presence of aqueous vapour; but it is 
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always a surer mode to receive them over mercufy, Uid it is absolately 
necessary to do so in delicate experiments. In the exaninatioii of 
^seous mixtures, first the volume of the mixtare, and, seoondly, the 
quality find relative volume of the constituents must lie esamiaed. To 
determine the bulk a cylindrical tube is used, graduated in decimal dif i^ 
sions of cubic measure, observing* that the interior and ezi«rior levels 
are e^ulU, and noting the state of the barometer and thermometer ; the 
thermometer being for some time suspended in the graduated tube. 
The volume of gas at the given pressure and temperatore being deter- 
mined, they must be reduced by calcvdation to a itaean' temperature and 
pressure ; for example, 0.76 pressure anid 0^ tempeiatare** It is much 
to be desired that k\\ chemists should reduce theif resullt to* these fixed 
points, so as to be able to compare without difiitulty the results of dif« 
fereni examkiatiofts. In order to detehrtine the nature of the gases that 
compose a mixture the following fe-agents are employed .'-^a« Hydra, 
gen is used when the presenile of oxygett is suspected in the mixture, or 
this latter gas vrhett the mixture contains ihflaftiraable gases : the opera-* 
iion is perfoj>med in the eudiometer. If the tniMture contains such small 
quantities of hydrogen or oxygen thttt they will not detonate, a mixture 
of hydrogen and oxygen, in which one or other of these gases is in ex* 
cess, according to cir^sumstancen, must be introduced in known propor- 
tions. Afler having passed the eilfetitdt iipAtk^ it is observed whether 
the cond^nsGttion be gtii&W ihktk it riiodld be iiccoi^dittg to the propor- 
tion of the mixture^ if it be to, k poftioti of the primitive gas under 
afaalysis has been elploded."— ^. A toltitidn of neutral protosnlphate of 
iron^ or, what is better, of protochloride of iron. This dissolved nitrous 
gai^ readily, asKumihg: a blatik or dark^bro#ti t&ltmt.-'H:, A solution of 
the neutral ac^Ute bf lc»id is darkened bjr th^ eo»t^et of ^ttibustible 
Ifa^s cohtaihihg sulphur or phosphorml.-^d. fiaryttc^ or lime WAter, 
absorbs darbonic Acid, becottiing opuqtie^ &s Also i^ulphiltetM hydrogen, 
i^ithbiit this effect being produced.^^. PeroJtide of lead absorbs sul- 
phurous acid.-^. Soda, or hydrate of potasto^ absorbs all the acid 
^ases. Cyanogen is also absorbed by theSe alkalies, M^ retiden them 
black or brown when it is in excess-^a colour whith h depetideCiton its 

* The 0^ of centrigrade»32^ Fahrenheit. In this conntry gases are examined 
at 60® Fahrenheit, and 30 inches barometrical pressnr^. 
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decomposition. — g. Borax absorbs all the acid gases except carbonic 
acid and sulphureted hydrogen. — h. Chloride of silver absorbs ammo- 
nia, sulphureted hydrogen and phosphureted hydrogen, and disengages 
hydrochloric acid, by the action of these two last, without acting upon 
other gases.— t. Fused chloride of calcium and crystallised boric acid 
absorb ammonia, and leave most of the other gases. — k. Crystallised 
boric acid absorbs fluosilicic acid gas. — /. Chlorine condenses olefiant 
gasy and empyreumatic oily vapours, when in the dark, and leaves the 
protocarbureted hydrogen for condensation, for which purpose the day- 
light is necessary. In the sun an explosion takes place with the chlo- 
rine, the excess of which gsls is removed by potassa. — m. Potassium 
separates carbonic oxide from carbureted hydrogen; when heated in 
the gaseous mixture it oxidises at the expence of this gas, and entirely 
condenses it. — n. Incombustibility and the absence of all positive signs 
denote the presence of azote. — o. The composition of a gaseous mix- 
ture is oilen tested by introducing into it papers steeped in different re- 
agents : blue paper or red turnsole paper, to discover whether the gas 
be acid or alkaline ; paper dipped into a solution of sulphate of iron, 
to know whether the gas contain hydrocyanic acid, &c. &c. 

As to the quantitative analysis of gases there is no other rule than 
that of employing the before-mentioned re-agents successively, and of 
concluding the quantity of each gas from the absorption they produce. 
The analysis of gases performed by a person sufficiently practised 
in its execution affords the surest results ; for the mistakes are seldom 
so great, but that, on comparing the relative volume of the gases, the 
true results are perceived, conformable to the laws of chemical propor- 
tion ; but if^ during an analysis, part of the elements is determined by 
weight and another by the measure of gases and their reduction into 
weights^ greater faults may be committed than if the result had been ob- 
tained entirely from weights. Cases, however, occur in which one is 
obliged to proceed thus — cases in which not only extreme precision 
is necessary, but also a precise knowledge of the density of the gas 
whose weight is to be determined. 



BY TABLE SECOND. 



To find what quantity of proof spirits is required to add to any 
quantity (%> raise the strength to any strength required. 



RULE. 



Multiply the number that stands in the table, that is on the same 
line as the given strength, and under the strength required, by the 
quantity given, and the product will be the quantity required. 

EXAMPLE FIRST. 

What quantity of proof spirits is requisite to add to 10 gallons at 
20 per cent, under proof to raise the strength to 1^ per cent, under 
proof? 

Here, on the same line as 20 per cent, under proof, in the* first 
jcolumn, and under 16 per cent, under proof, in the eighth column, you 
will find, 

.25 the proper factor. 
10. the given quantity. 

2.50 gallons. Answer required. 

EXAMPLE SECOND. 

What quantity of proof spirits is requisite to add to 20*5 gallops 
At 30 per cent, under proof to raise the strength to 10 per cent, under 
proof? 

Here, 2. x 20.5=41, gallons, the answer required. 

EXAMPLE THIRD. 

What quantity of proof spirits is requisite to add to 40 gallons 
at 27*5 per cent, under proof to raise the strength to 10 per cent, under 
proof? 

Here, 1.7 + 1.8, the sum=3.5-i-2 is=1.75 gallons required to 
add to 1 gallon at ^7*5 per cent, under proof, to raise the strength jto 
10 per cent, under proof. Therefore 1.75 x 40=70 gallons. Answer 
required. 



TABLE SECOND. 



Shbwino by inspection the requisite quantity qf proof spirits tq 
add to 1 gallon to raise the strength from 16 to 50 per cent, under proof 
to any strength froni 20 to 10 per cent under proof. If you take the 
half of any two per centages you will have a half per cent. 

The numbers in this table are proper factors. 



From 








To per cent under proof. 






- 




percent 
U.P. 


10 


11 


12 


13 1 14 1 15 1 16 


17 


18 


19 


20 


16 


.6 


.454 


.333 


.23 


.142j .066 












17 


.7 


.545 


.416 


.307 


.214 


.133 


.062 










18 


.8 


.636 


.5 


.384 


.285 


.2 


.125 


.058 








19 


.9 


.727 


.583 


.461 


.357 


.266 


.187 


.117 


.055 






20 


1. 


.818 


.666 


.538 


.428 


.333 


.25 


.176 


.111 


.052 




21 


1.1 


.909 


.75 


.615 


.5 


.4 


.312 


.235 


.166 


.105 


.05 


22 


1.2 


1. 


.833 


.692 


.571 


.466 


.375 


.294 


.222 


.157 


.10 


23 


1.3 


1.09 


.916 


.769 


.642 


.533 


.437 


.353 


.277 


.210 
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